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I  a-  fkKi**1  Laboratory  Independent  Research  -  TWi*  program  >» 
iMlttoftd  as  one  Mpect  of  *  Vro skJ  approach  to  ^rwWte 
Army  »ci<Xi*t«  and  ci^uvei  *  a*  xfctilioMl  opportwity  to  UMiatu* 
and  increase  U»cir  comp«k*te  by  ck»*&g  original,  work  m  area* 

Ibetr  tate*t*»  tb«reby  promoting  a  vigor on*  inlerMt  reaeardt 
program  of  highest  technical  ciiikr, 

Drffftrt  Research  ScitiKf*,  Army  -  Eor  reaearcb  amf  tert  ikyMeat 
project*  in  Um*r  field  of  pfcyric**  science*  to  ioclode  general  physics, 
maefear  physio#,  ebemicfry  and  mafkenutkaf  *e,iK«e*;  engineering 
science*  to  iichde  efectiMvie*  and  energy  eowerriow;  file  science# 
to  inchwte  lidogkai  ami  medial  *c sence*  a*l  WStarforal  and  Mdial 
science*, 

ta«k  Research  in  Sopport  of  Mihttry  jjjg^titg  -  Tfo**  project 
iatfede*  Wk  biological  reteardk  in  the-  field#  of  kiodkmi»trf , 
biophysics,  irwiwutology,  mic  rofciology,  gattofogy,  pka nmac o4ogy , 
ptsy  *io5ogr,  radiobiology  and  zoology.  The  project  mpport*  selected 
reaearefc  work  ehicl  indirectly  promife*  to  assist  the  rent  of  the 
mi**io*  oriented  AWtl>I>  research  program,  loth  ka*)c  and  applied, 

Itjoclemiatry:  The  objective  of  this  ta«k  if  to  gain  fmcfamertaf 
knowledge  of  the  fyiockemical  pathways  imrofred  in  anabolism, 
catabolism  and  energy  transformation,  in  order  to  nnderataadl  and, 
perhaps  influence  notritional  revjwirement#,  antibody  formation, 
action  of  ehemotherapetstic  agent#,  a«f  metabolic  response*  to 
environmental  stress,  injury  and  special  military  hazard*. 

Research  in  ftomggcal  Science*  -  The  objective  of  this  project  is 
to  obtain  information  by  the  teckti^sef  of  clinical  and  basic  research 
on  injuries  and  diseases,  rnept  eommaskaUe  diseases,  commonly 
seen  to  soldiers,  especially  in  field  operation#  and  overseas.  The 
work  is  divided  according  to  the  major  medical  specialties. 


SwtvwvwKry  ? C*va*'' <t)i 


Snfert fcut  medicine.  'Jibe  oh jective  w  fo  stmfy,  by  kuk  research 
tecbmv^aes  in  the  (akvr4or>„  ttfeo-fi?  <<#. weave"*  at  sat dier*  in  ttbe  field 
which  are  tte  *pe-eia>1  province  of  internal  medicine  »#  ante r  tty 
irufjc ate  possible  approaches  to  improvements  im  t rc atment  and 
prevention,  Jbese  disease*  inscltfrfe  diarrhea \,  hepatite*,  anemia, 
and  altered  metabolic  states  in  «*4ick  nutrition  ptarys  m*  etiological 
or  contnbstery  role, 

t,nvironaoental  medic  met  'Me  objective*  are  to  obtain  basic 
information  o»  ike  ^»kwo^k»S  responses  at  men  an&  setter,*!*  to 
climatic  changes,  especta lly  to  1 beat*  cofd  abet  high  terrestrial 
attitude,  npos  *ftiwfc  may  be  based  i/ttjvfe»«d  procedures  tor  acctima- 
tiaati on,  protection*  and i  treatment  oi  injury  resetting,  from  expo omre 
at  *oWt«f*  to  cltmattc  extrema  s, 

Pio-Medical  to»g»ftgafikk»,  Military  Interval  MgBogt  -  The 
objective  if  to  improve  r»fk»g  undMi  <w#  (tci&iKU  »#  disease  of 
military  importance,,  each  as  acute  or  chronic  viral  and  bacterial 
respiratory  disease*,  gastro- intestinal  infections  and  abnormalities 
of  gastro-  intestinal  absorption  on  fractions;  to  improve  the  management 
of  certain  military  metabolic  problems,  sack  as  post-traumatic 
mttntioaal  deficiencies;  and  to  study  the  f Haddierm''  maritiomat  state* 
and  adequacy  of  bis  diet, 

ttio- Medical  Investigations,  Military  Environmental  Medicine  -  The 
objective  is  to  develop  better  methods  tor  the  prevention  and  treat - 
meat  of  diseases  produced  by  the  extremes  of  climate  to  which  as  sol¬ 
dier  may  be  exposed, 

Uip-$en*ot  Systems  -  The  objective  of  this  program  is  to  provide 
tbs  Army  wide  am  improved  detector  dog  capable  of  tracking,  detecting 
aoitwfh,  tanaels,  weapons,  mines  and  booby  traps- -and  locating 
casualties  in  combat  operations,  Ibroagk  a  coordinated  program  oi 
selective  breeding,  evalaation  and  veterinary  research,  a  superior 
dog  will  be  developed  Which  has  the  specific  desirable  physical, 
behavioral  and  sensory  characteristics,  free  of  transmissible  genetic 
defects,  is  responsive  to  military  training,  imposes  a  tmnunnm 
logistical  burden  and  can  perform  effectively  on  or  off-leash  in  alt 
climatic  and  operational  environments.  Work  at  USAMRKL  hai 
centered  on  the  influence  of  the  climatic  environment  on  the  working 
detector  dog. 
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will.  An  assay  technique  has  been  developed  for  liver  beta-glucuronidase  specific 
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ABSTRACT 


In-House  Laboratory  Independent 
Research . 

The  Mechanism  of  Body  Temperature 
Control  by  Adrenal  Steroids. 

To  Investigate  the  mechanisms 
of  body  temperature  control 
particularly  with  regard  to 
adrenfvl  steroids  and  the  control 
of  exothermic  reactions  in 
liver. 

A  patient  with  persistent  fever  has  been  investigated  and  it  was  found 
that  his  persistently  elevated  temperature  could  be  controlled  by  means  of 
dexamethasone  and  various  uronic  acids.  It  appeared  that  those  uronic 
acids  that  were  beta-glucuronidase  inhibitors  would  decrease  his  temperature. 
From  these  studies  it  was  hypothesized  that  there  exists  a  regulatory 
mechanism  in  the  liver  whereby  body  temperature  is  controlled.  This 
mechanism  involved  the  ratio  between  conjugated  and  free  etiocholanolone , 
with  the  ratio  determined  by  the  activity  of  beta-glucuronidase.  The 
beta-glucuronidase  in  turn  is  controlled  by  the  level  of  uronic  acids 
which  will  inhibit  the  enzyme.  If  the  enzyme  is  abnormal,  e.  g.  resistant 
to  inhibition  by  uronic  acids,  a  greater  proportion  of  total  intrahepatic 
etiocholanolone  will  be  in  the  free  state.  Free  etiocholanolone  produces 
fever.  Dexamethasone  in  some  way  blocks  the  pyrogenic  action  of  etio¬ 
cholanolone. 

There  exist  a  number  of  patients  with  unusual  or  intractable  fever  often 
of  a  periodic  nature  and  sometimes  associated  with  disabling  symptoms. 

It  has  been  postulated  that  this  periodic  fever  is  due  to  some  derange¬ 
ment  of  the  mechanism  involving  etiocholanolone,  beta-glucuronidase  and 
the  uronic  acids.  This  possibility  has  been  investigated  in  a  number  of 
patients  with  periodic  fever  whom  we  have  had  occasion  to  study.  From 
the  nature  of  the  disease  in  the  patients  it  can  be  concluded  that  periodic 

fouor  nrnViaMu  mnrooon  r  o  *  KoTa rnoPrtm * c  i> rA« »rv  nf  H i  qphsp.q  wViirH  mi  oht  hp 

r*v'“  v  - - --f) - - -  d - r - -  w - - o'-- - 

considered  as  different  defects  at  different  points  along  a  common  path¬ 
way.  The  reason  for  the  periodicity  is  unknown.  Why  some  patients  have 
disabling  symptoms  and  others  are  relatively  asymptomatic  despite  the 
presence  of  fever  is  unknown.  The  variability  in  therapeutic  response 
of  individual  patients  to  uronic  acids  and  dexamethasone  is  also  unknown. 
Nevertheless,  we  have  uncovered  a  number  of  characteristics  concerning 
this  syndrome. 

First,  it  is  necessary  to  make  very  careful,  frequent  temperature  measure¬ 
ments  in  order  to  detect  fever  which  usually  occurs  in  all  of  these 
patients  most  every  afternoon  and  evening  even  to  a  small  degree.  Second, 
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Tr.e  Mechanism  of  Rody  Temperature  Control  by  Adrenal  Steroid*  (Cont'd) 


with  low  grade*  of  fever  moat  of  the  patient*  are  asymptomatic  while 
symptoms  occur  when  the  degree  of  fever  rise*  to  higher  levels.  Thirdly, 
some  of  the  patients  respond  to  various  uronic  acids  while  others  remain 
completely  resistant.  Fourth,  most  of  the  patients  respond  to  dexa- 
methasone  though  an  occasional  individual  ia  quite  resistant  even  to  this. 
Fifth,  there  exist  other  categories  of  patlants  srtio  appear  to  have 
periodic  fever  but  who  become  hyperthermic  with  epinephrine  infusions. 

For  this  we  use  the  term  stress  or  reactive  fever.  Sixth,  there  seem 
to  be  some  Individuals  who  get  fever  post-exercise.  These  last  two 
entitles  may  constitute  a  different  category  which  requires  elucidation. 
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WORK  UNIT  NO.  049  The  Mechanical  of  Body  Temperature 

Control  by  Adrenal  Steroids. 

STUDY  NO.  1  To  Investigate  the  me.chantans  of 

body  temperature  control  partic¬ 
ularly  with  regard  to  adrenal 
steroids  and  the  control  of 
exothermic  reactions  in  liver. 

PROBLEM: 

The  mechanisms  for  regulation  of  body  temperature  are  not  fully  known. 

It  is  recognized  that  there  exist  temperature  controlling  centers  in 
the  hypothalamus  which  regulate  the  retention  and  loss  of  body  heat.  In 
addition,  it  is  known  that  there  are  exothermic  reactions  or.curring  in 
the  body  which  produce  the  heat.  We  are  particularly  interested  in 
these  exothermic  reactions  and  believe  there  exist  mechanisms  for  con¬ 
trolling  the  rate  of  these  reactions  thereby  controlling  the  rate  of  heat 
production.  Obviously,  fever  can  occur  if  too  much  heat  it  produced,  too 
little  heat  is  lost  or  if  both  mechanisms  occur.  (This  is,  of  course, 
an  oversimplification,  but  because  of  space  limitationa  it  is  not 
pertinent  to  go  into  detail).  Ve  have  studied  one  patient  with  a  persis¬ 
tent  fever  of  101.8°  who  had  no  diurnal  variation.  The  patient  waa 
asymptomatic.  His  fever  could  be  decreased  by  the  administration  of 
dexaoethasone  or  various  uronic  acids  which  are  themselves  beta-glucuroni¬ 
dase  inhibitors  or  lead  to  the  formation  of  beta-glucuronidasc  inhibitors. 

From  these  studies  vre  have  postulated  that  Ihere  exists  a  mechanism  in 
human  liver  whereby  the  ratio  of  conjugated  to  free-etiocholanolone  is 
regulated.  Etiocholanolone  is  a  normal  adrenal  steroid  which  has  pyro¬ 
genic  action  when  injected  in  the  free  state  into  normal  humans.  Beta- 
glucuronidase  is  able  to  deconjugate  the  conjugated  etiocholanolone  to 
form  free  etiocholanolone.  Therefore  we  postulate  that  the  ratio  of 
conjugated  to  free-etiocholanolone  trill  determine  sHiether  or  not  a 
febrile  state  will  occur.  If  there  is  too  much  free  etiocholanolone  then 
a  febrile  state  will  occur  whereas  if  most  of  the  etiocholenolone  is  in 
the  conjugated  form  then  the  individual  will  be  afebrile.  How  etiocholan¬ 
olone  produces  fever  is  unknown.  A  defect  in  the  mechanism  of  beta- 
glucuronidase  action,  that  is,  deficiency  of  a  normal  inhibitor  or  the 
failure  of  the  beta-glucuronidase  to  respond  to  an  inhibitor  could 
result  in  the  formation  of  large  amounts  of  intrahepatic  free  etiocholan¬ 
olone.  Thus  fever  could  result  from  either  an  overproduction  of  etio¬ 
cholenolone  by  the  adrenal,  a  defective  conjugation  of  etiocholanolone, 
a  failure  of  the  beta-glucuronidase  to  be  inhibited  or  the  failure  of  the 
formation  of  an  Inhibitor.  In  addition,  fever  might  occur  if  the 
mechanisms  whereby  etiocholanolone  acts  are  extremely  sensitive  to  what 
would  be  normal  levels  of  intrahepatic  etiocholanolone. 
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The  He  chant  »•  of  body  laapnttur*  Control  by  Adrenal  Steroids  (Coat'd) 

Periodic  fever  is  a  puzzling  disease.  The  fever  ear  be  intractable,  and 
My  or  «ay  not  be  associated  with  various  symptoms.  by  the  study  of  these 
patients  it  night  be  possible  to  determine  the  nature  of  these  so-called 
"periodic  fevers",  to  categorize  the*  into  different  entities  and  to 
discover  the  pathogenesis  of  the  disease  so  that  a  rational  therapy 
could  be  devised  and  an  understanding  of  body  temperature  control  can 
be  gained. 

RESULTS  ARP  P1SCUSSI0P  ffr  THE  RESULTS1. 

A  variety  of  patients  with  periodic  fever  have  been  studied.  We  have 
found  that  there  arc  numerous  differences  between  patients.  One  patient 
with  fever  but  without  symptoms  developed  fever  with  an  epinephrine 
infusion.  Epinephrine  is  calorigenic  and  increases  oxygen  consumption 
but  does  not  ordinarily  lead  to  the  production  of  fever  in  normal 
humans .  In  this  one  patient,  however,  the  infusion  of  epinephrine  did 
cause  significant  fever  and  icowd  to  be  related  to  a  heightened  sensi¬ 
tivity  that  this  patient  had  towards  epinephrine.  This  type  of  periodic 
fever  then  would  be  a  so-called  "stress"  or  "reactive  fever.”  That  is, 
there  arc  a  nosber  of  individual#  who  respond  to  environmental  atress 
with  epinephrine  secretion  to  which  they  are  inordinately  sensitive  with 
a  heightened  calorigenic  response.  Another  patient  with  fever  but  with 
no  symptoms  was  found  to  have  fever  after  exercise.  Chi  investigation, 
we  found  that  most  normal  individuals  do  not  develop  significant  fever 
post-exercise  and  Chat  a  maximal  mount  of  physical  exertion  is  required 
to  cause  post-exercise  fever.  The  mechanism  of  favar  occurring  after 
exercise  is  not  clear.  The  muscle  tissue  may  continue  to  have  exothermic 
reactions  after  the  exercise  in  excess  of  the  rate  of  heat  dissipation 
or  the  blood  flow  to  the  skin  My  decrease  too  quickly  to  permit  adequate 
heat  loss  with  a  consequent  increase  in  body  temperature.  This  type  of 
response  shifts  the  emphasis  away  frost  etiocholanolone  In  the  liver  and 
directs  it  toward  muscle  tissue. 

In  the  study  of  these  patients  with  periodic  fever  it  has  become 
evident  that  careful  measurement  of  temperature  every  two  hours  is 
necessary  in  order  to  characterize  the  temperature  pattern  of  the 
individual.  It  has  been  found  that  individuals  with  periodic  fever 
have  fever  almost  every  day  in  the  evening,  soMtimes  only  for  a  few 
hours,  so  that  if  careful  measurements  ware  not  wide,  this  fever 
would  not  be  dctecced.  This  is  essential  in  proving  the  diagnosis. 

Often  these  patients  are  asymptomatic  and  unaware  that  they  have  a  mild 
fever.  Symptoms  usually  occur  dien  the  fever  becomes  more  prolonged  or 
occurs  at  higher  levels.  There  arc  occasional  individuals,  however, 
who  have  symptoms  even  trtien  leaning  a  very  mild  fever. 

Uronic  acid  has  helped  in  one  patient  «bo  has  been  followed  for  a  period 
of  over  two  years.  Another  patient  failed  to  respond  to  glucuronic  scid 
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The  Kechanism  of  Body  Temperature  Control  by  Adrenal  Steroids  (Cont’d) 

or  dexamethasone  hut  does  respond  to  glucaro, (1— *&)  lactone  which  is  a 
very  potent  beta-glucuronidase  inhibitor.  We  currently  have  three 
patients  with  periodic  fever  under  study.  One  is  the  patient  who 
responds  nicely  to  glucuronic  acid  who  has  been  followed  for  over  two 
years.  The  second  is  a  young  man  who  has  had  persistent  recurrent 
fever  without  symptoms.  The  third  patient  is  a  lady  with  severe 
abdominal  pain,  multiple  surgical  procedures  and  persistent  intractable 
fever.  Her  most  recent  febrile  episode  occurred  in  October  1$6S  and 
has  been  unrelenting  since.  Exploratory  surgery  revealed  no  cause  for  the 
abdominal  pain  whatever,  such  as  scar  tissue,  adhesions,  an  internal 
hernia,  etc .  Fever  has  been  persistent.  She  has  been  treated  for 
tuberculosis  since  caseating  granulomas  were  found  rn  the  lymph  nodes 
draining  the  ileocecal  region  at  surgery.  However,  this  was  thought  to 
be  arrested  tuberculosis  end  not  the  cause  of  her  abdominal  pain  and 
fever.  Nevertheless,  she  was  treated  empirically  with  no  change  what¬ 
ever  in  her  clinical  state.  Glucuronic  acid  has  been  of  no  help  in 
this  patient.  Interestingly,  dexamethasone  caused  improvement  in  the 
temperature  pattern,  however  the  abdominal  pain  became  morse. 

Other  studies  are  being  carried  out  to  charac terize  the  beta-glucuron¬ 
idase  of  liver  which  splits  etiocholanolone  glucosiduronide .  It  appears 
that  the  serum  beta-glucuronidase  activity  has  no  effect  on  etiocholanolone 
glucosiduronide  but  the  liver  beta-giucuronidase  is  active  in  splitting 
et iocholanolone  glucosiduronide.  Serum  glucuronidase  levels  do  not  appear 
to  reflect  the  hydrolysis  of  etiocholanolone  glucosiduronide  by  the  liver. 

We  are  also  investigating  the  me c nanism  of  action  of  etiocholanolone 
and  comparing  it  to  the  action  of  piromen  (Pseudomonas  polysaccharide) 
which  is  another  fever -producing  agent.  We  have  been  investigating 
patients  with  hypopituitarism  and  have  found  that  patients  without 
pituitary  function  do  not  develop  fever  after  injected  etiocholanolone. 

CONCLUSIONS : 

We  must  conclude  that  periodic  fever  is  a  symptom  of  a  heterogenous 
group  of  diseases.  We  currently  have  hypothesized  that  they  reault  from 
different  defects  along  a  common  pathway.  It  ia  neceasary  to  measure 
temperature  quite  frequently  in  order  to  prove  fever  In  some  patients 
who  have  mild  febrile  states.  Symptoms  generally  occur  in  the  store 
severe  febrile  states  and  less  often  when  fever  la  milder.  There  are, 
however,  occasional  patients  with  mild  fever  with  maximum  symptoms. 

We  have  elucidated  an  entity  called  "reactive"  or  "stress"  fever  tdtich 
seems  to  be  related  to  sensitivity  to  epinephrine.  There  also  appears 
to  be  a  condition  in  which  fever  occurs  post-exercise.  Some  of  our 
patients  respond  well  to  glucuronic  acid,  others  better  to  dexamethasone, 
while  some  respond  to  neither.  One  patient  studied  so  fsr  responds  to 
glucaro  (l-*4)  lactone.  However,  this  material  is  difficult  to  obtain 
and  must  be  chemically  prepared  in  our  own  laboratory. 
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23.  (U)  Tech  Objective:  To  document  the  ctlMcal  and  laboratory  findings  in  active  ma¬ 
ture  German  Shepherd#  fed  rice  diet#,  formulate  and  teat  a  rice  diet  using  minimal 
lappltmeMi.  The  information  would  estimate  bow  long  a  military  dog  will  perform 
while  fed  a  rice  diet, 

24.  UJ)  Approach:  Initially  the  form  that  the  rice  ebon  Id  be  fed  •»*  determined.  The 
diets  consisted  of  parboiled  rice;  supplementation  as  needed  wae  derived  from  practical 
human  food  sources.  Three  diets  «rc  fed  scpsrstely  to  ssstsrt  Gffsas  Shepherd  d»>f 
All  doge  received  daily  eaercise.  Parameters  measured  included  physical  examina¬ 
tions,  diet  analysis,  nitrogen  and  mineral  balance,  daily  body  waigbte,  urinalysis,  com. 
plete  blood  count  and  blood  chemistries. 

29.  (U)  Progreas  (Jul  48-  Ian  49):  Thres  mature  German  Shepherds  have  baea  meed  in 
this  study.  One,  fed  ground  parboiled  r.ce  and  water,  maintained  body  weight  for  9  mo 
os i  it  Kg  over  the  succeeding  4  months  and  died.  A  email  degenerating  hyperplastic 
by  r md  goiter  was  presect.  Another  dog,  fed  ground  parboiled  rice  and  soy  sauce  ha# 
o#t  0.7  Kg  after  1  year  9  mo.  on  this  diet.  The  third  dog,  also  fad  ground  parboil  ad 
Ice  and  a  teeaer  amount  of  soy  easts,  maintained  body  weight  for  9  month#  and  ha  a 
at  7,3  Kg  over  the  succeeding  11  month#.  Thl#  latter  animal  baa  developed  bilateral 
eratopathy,  possibly  an  aarly  response  to  Vitamin  A  depletion.  This  dog's  serum 
rotcee  and  Vitamin  A  ere  tebeernsa!,  This  work  unit  is  being  terminated  due  te 
)  difficulty  in  procurement  of  suitable  mature  G erman  Shepherd#  for  a  controlled  stud 
nd,  2)  changing  priority  since  inception  of  the  study. 


ABSTRAC  : 


PROJECT  NO,  3A06IIOIA9IC  in -House  Laboratory 

Independent  Research 

WORK  UNIT  NO,  050  Clinical  and  Laboratory 

Examinations  of  Mature 
German  Shepherd  Dogs 
Fed  Rice  Base  Diets 

STUDY  NO.  I  Formulate  and  Test  a  Balanced  Rice  Diut 
Without  Animal  Piofein  Supplementation 

The  purpose  of  this  study  wos  to  document  the  clir.icol  and  laboratory  findings  in 
active  mature  German  Shepherds  fed  rice  diets  ond  to  formulate  end  test  o  balanced 
rice  diet  using  mineral  and  vegetable  nutrient  supplements.  The  information  gathered 
would  pertain  to  the  advisability  of  using  rice  base  diets  for  the  military  dog  and  give 
on  estimate  of  how  long  a  military  dog  will  work  while  fed  a  rice  diet. 

Throe  mature  Shepherds  were  fed  ground,  moistened  uncooked  parboiled  rice  as 
on  exclusive  diet.  One  hod  60  ml  /day  of  soy  sauce  added  for  flavor,  another  30  ml. 
All  three  dogs  were  clinically  healthy  and  vigorous  and  gained  weight  over  the  first 
9  months.  At  14  months,  the  dog  not  receiving  soy  sauce  died  following  rapid  weight 
lost.  During  the  period  of  weight  loss  this  onimol  was  mildly  onemic  ond  had  moderate 
to  marked  elevations  in  creatinine  phosphate  kinase  and  serum  glutamic  -pyruvic 
transaminase.  Signs  of  inanition  were  evident  at  necropsy,  and  microscopic  exam¬ 
ination  revealed  degenerating  thyroid  goiter,  degenerative  changes  in  adrenal  cortex, 
fatty  liver  and  other  changes  of  even  less  specificity. 

The  dog  that  received  30  ml  /day  of  soy  sauce  with  His  rice  dropped  below  hit 
initial  weight  after  9  months.  Over  the  next  13  months,  this  onimol  lost  5. 5  kg 
and  was  euthanized  22.5  month*  after  rice  diet  initiation.  At  terminus  the  dog 
was  emaciated.  There  was  bilateral  keratitis  thought  to  be  associated  with 
Vitamin  A  deficiency  (low  serum  ca-otene  ond  Vitamin  A  values)  ond  brown 
coloration  of  the  intestine  associated  with  Vitamin  E  deficiency. 

The  dog  that  received  60  ml  /day  of  toy  sauce  with  his  rice  wos  2,5  kg  below  his 
initial  weight  at  the  time  of  euthanasia,  after  22  months  of  rice  diet.  At  necropsy 
there  was  brown  coloration  of  the  intestine  as  found  in  the  other  dog. 
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Clinical  and  Laboratoiy  Examinations  of  Mature  German  Shepherd  Dogs 
Fed  Rice  Base  Diets  -  Abstract  (Conf'dJ 

This  work  unit  is  being  terminated  due  to  (1)  difficulty  in  procurement  of 
suitable  mature  German  Shepherds  for  a  controlled  study  and  (2)  changing 
priority  since  inception  of  this  Study. 

Mature  Shepherds  con  subsist  on  rice  olone  for  several  month?  under  conditions 
of  cage  rest  or  mild  exercise.  When  deficiency  signs  occur  they  appear  more 
■elated  to  vitamins  or  trace  minerals  than  to  major  components  as  protein  or  total 
color  ies. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  050 


Clinical  and  Laboratory 
Examinations  of  Mature 
German  Shepherd  Dogs 
Fed  Rice  Base  Diets 


STUDY  NO.  1  Formulate  nnd  Test  a 

Balanced  Rice  Diet 
Without  Animal  Protein 
Supplementation 

PROBLEM: 


1.  In  Viet  Nam  nutritional  problems  with  military  dogs  were  originally  ones 
of  supply,  but  the  improvement  of  supply  channels  largely  solved  these.  There 
still  is  a  potential  supply  problem  in  more  isolated  areas.  When  standard  bagged 
or  canned  ration  was  not  available,  diets  composed  of  rice  and  various  supplements 
were  fed.  Results  with  these  diets  were  inconclusive. 

2.  We  were  interested  in  developing  and  testing  a  practical  rice  diet  without 
animal  protein  supplementation.  The  following  points  appeared  relevant:  (1)  If 
supply  problems  should  arise  in  a  major  rice-producing  country  where  military 
dogs  are  located,  how  would  the  dogs  fare  On  o  rice  base  diet?  (2)  In  what  form 
should  the  rice  be  fed?  (3)  Would  a  rice -based  diet  be  nutritionally  practical  ? 

(4)  What  are  the  most  practical  and  satisfactory  vegetable  supplements  for  such 

a  diet  for  military  dogs  in  Viet  Nam?  (5)  The  acceptability  of  a  rice  diet  to 
dogs  accustomed  to  other  foods  could  be  critical  if  these  animals  have  to  be 
worked  immediately  but  do  not  begin  promptly  to  eat  sufficient  quantities  or  the 
novel  diet. 

We  had  determined  from  preliminary  feeding  trials  that  mature  German  Shepherd 
dogs  would  be  fed  ground  uncooked  parboiled  rice.  Parboiled  rice  was  selected 
since  it  is  more  plentiful  and  has  better  storage  qualities  than  brown  rice.  Porboiled 
rice  is  more  desirable  because  of  its  higher  Vitamin  B  content.  For  simplicity,  it 
would  be  more  desirable  to  feed  the  rice  uncooked  and  more  importantly,  uncooked 
rice  has  a  higher  nutrient  percentage  than  cooked  rice. 

To  determine  the  form  in  which  rice  would  be  fed,  uncooked  porboiled  rice  was 
fed  to  two  German  Shepherds  for  a  week  and  uncooked  porboiled  rice  with  soy 
sauce  was  fed  at  tire  same  time  to  two  other  German  Shepherds.  The  two  dogs  on 
the  rice  diet  lost  7  Ihs.  (total  for  both)  in  7  days  and  the  two  dogs  on  the  rice  and 
soy  sauce  diet  lost  4-1/4  lbs.  (total)  over  the  same  7  -day  period. 
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Clinical  and  Laboratory  Examinations  of  Mature  German  Shepherd  Dogs 
Fed  Rice  Base  Diets  (Cont'd) 

The  dogs  on  the  "rice  alone"  ration  refused  to  eat  it  during  the  7 -day  period. 
The  average  daily  consumption  for  the  dogs  on  the  rice  and  say  sauce  for  the 
7-day  period  was  431  gm  each.  The  soy  sauce  was  used  as  flavoring.  We 
determined  later  tlvat  the  refusal  to  eat  the  "rice  alone”  was  due  to  lock  of 
moisture.  Dogs  confronted  with  an  undesirable  or  different  food  will  eat  ii 
eventually  -  that  is,  it  may  take  2  days  or  more,  but  this  delay  for  a  working 
military  dog  would  be  undesirable.  In  limiting  feeding,  soy  sauce  appears  to 
enhance  acceptability  of  a  ration  of  parboiled  rice. 

After  examining  the  feces  of  the  two  dogs  that  were  eating  the  rice  it  was 
apparent  that  there  was  less  than  optimum  digestibility.  The  rice  grains  were 
only  slightly  smaller  than  when  they  were  ingested.  Grinding  the  rice  prior  to 
feeding  it  resulted  in  increased  assimilation. 

Ground  parboiled  rice  mixed  with  water  or  soy  sauce  was  then  fed  to  three 
mature  German  Shepherds  according  to  the  following  daily  schedule: 


Rice,  gm 

Soy  souce/454  gm 

Water,  ml/454  gm  rice 

Dog  A  (No.  989) 

771 

0 

120 

Dog  B  (No.  987) 

771 

30 

30 

Dog  C  (No.  985) 

861 

60 

60 

* 


The  dags  were  fed  twice  daily  and  usually  ate  all  that  they  were  offered.  Drinking 
water  was  available  ad.  lib. 


RESULTS  AND  DISCUSSION  OF  RESULTS: 

Dog  A:  This  dog's  weight  performance  is  charted  in  Figure  I.  It  actually  gained 
4.3  kg  initially,  held  ta  at  least  its  starting  weight  for  10  months,  lost  over  the 
following  4  months  and  died  on  26  October  68.  Increased  serum  levels  of  creat'mine 
phosphate  kinase  (CPK)  and  glutamic -pyruvic  transaminase  were  recorded  during 
September  and  October,  as  was  low  packed  erythrocyte  volume  (PCV),  (Table  I). 
This  animal's  erythrocytes  were  riboflavin -deficient  when  analyzed  in  October  1968 
(analysis  by  Mrs.  Yaye  Herman,  Chemistry  Div. ,  USAMRNL). 

At  necropsy  (26  October  68)  the  dog  was  very  thin  with  marked  loss  of  muscle 
mass  and  body  fat.  Absence  of  periorbital  fat  was  expressed  in  deeply-sunken 
eyeballs.  The  hair  coat  was  rough. 


12 


Clinical  and  Laboratory  Examinations  of  Mature  German  Shepherd  Dogs 
Fed  Rice  Base  Diets  (Cont'd) 

Parenchyma fous  organs  were  reduced  in  size  ond  the  liver  was  pale  with  a  diffuse 
yellow  tinge.  There  were  siderotic  nodules  on  the  Surface  of  the  spleen,  a  common 
and  apparently  inconsequential  change  in  old  dogs  attributed  to  locoi  chronic  passive 
congestion.  The  chonges  seen  at  necropsy  were  compatible  with  general  inanition. 
Microscopic  examination  revealed: 

1.  Degenerating,  colloid-poor  goiter  of  thyroid  gland;  its  epithelium  had  been 
hyperplastic  and  was  now  undergoing  degeneration  and  fibrosis;  the  gland  was  not 
enlarged. 

2.  Disorganization,  degeneration  and  early  fibrosis  of  adrenal  cortex. 

3.  Fatty  metamorphosis,  liver. 

4.  Lipid  vacuoles,  hepatocyte  nuclei,  liver. 

5.  Li pofuscin  pigment,  hepatocytes,  liver. 

6.  Flemosiderosis,  Kupffer  cells,  liver. 

7.  Ballooning  hypertrophy  and  hyperplasia,  pigment  epithelium,  retina,  focal. 

8.  Atrophy,  giant  cell  formation  and  lack  of  mature  sperm,  seminiferous  tubule, 
testes.  (This  wos  an  adult  dog.) 

9.  Atrophy  and  fibrosis,  prostate. 

10.  Siderotic  nodules,  spleen. 

11.  Atrophy,  skeletal  muscle. 

Atrophy  of  the  various  orgons,  fatty  metamorphosis  On'S  marked  lipofuscinosis  of 
liver  are  associated  with  inanition  of  any  cause.  Multiple  endocrine  involvement 
(adrenal,  thyroid)  suggests  more  widespread  disorder  in  this  system  but  further 
conclusions  cannot  be  drawn  from  the  limited  biochemical  dato  in  this  pilot  survey. 
The  reduced  size  of  the  goiter -containing  thyroid  was  particularly  interesting. 

Follis,  in  his  text  in  reference  to  mice  on  Remington’s  standard  low-iodine  diet, 
says,  "Surprisingly,  the  only  component  of  the  diet  which  appeared  to  influence 
the  size  of  the  thyroid  gland  was  sodium  chloride,  whose  omission  greatly  reduced 
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Clinical  and  Laboratory  Examinations  of  Mature  German  Shepherd  Dogs 
Fed  Rice  Base  Diets  (Cont'd) 

the  size  of  goiters,  though  thyroid  hyperplasia  was  present  even  in  its  absence.  "* 

In  this  dog  with  the  small  hyperplastic  goiter,  the  diet  consisted  only  of  rice  and 
water.  Parboiled  rice  contains  no  iodine  and  has  o  low  salt  content,  9  mg  sodium 
per  100  grams  of  rice.  The  two  surviving  dogs  had  received  soy  sauce.  Soy  sauce 
is  produced  by  steeping  soy  bean  products  in  brine,  the  salt  probably  containing 
iodine.  The  soy  sauce  fed  was  not  analyzed  for  salt  or  iodine  content.  The 
earlier  death  of  the  dog  not  receiving  soy  sauce  may  be  related  io  greater  iodine 
deficiency  if  not  sodium  chloride  deficiency. 

The  swelling  of  retinal  pigment  epithelial  cells  indicates  that  there  was  o 
detached  retina,  antemortem. 

Dog  B:  This  animal  did  not  drop  below  his  original  weight  until  9  months  after 
the  start  of  the  feeding  trial.  Over  the  next  13  months,  this  animal  lost  5.  5  kg 
of  body  weight  and  was  euthanized  on  10  July  69,  after  22.5  months  of  the  rice 
diet.  This  animal's  peak  weight  was  9.2  kg  higher  than  the  starting  weight, 
reached  after  approximately  4  months  on  the  rice  diet. 

At  terminus  the  dog  was  emaciated.  There  was  gross  evidence  of  muscie  atrophy. 

All  body  organs  were  normal  in  gross  appearance  with  the  exceptions  of  the  small 
intestine  and  both  eyes.  There  was  brown  coloration  of  the  intestine  which  was 
interpreted  as  a  response  to  Vitamin  E  deficiency,  and  bilateral  keratitis  thought 
to  be  associated  with  Vitamin  A  deficiency  (low  serum  carotene  and  Vitamin  A 
values.  Table  I). 

Dog  C:  This  dog  was  euthanized  on  11  July  69.  At  death  he  was  2.5  kg  below 
his  starting  weight,  after  being  fed  this  ration  for  approximately  22  months.  This 
animal's  peak  weight  gain  was  6.  1  kg  after  6  months  on  this  diet. 

The  necropsy  findings  were  unremarkable  with  the  exception  of  brown  discoloration 
of  the  intestine  wall,  interpreted  as  a  response  to  Vitamin  E  deficiency. 

The  feces  of  the  three  dogs  were  of  normal  consistency  except  that  Dog  B  had 
diarrhea  during  its  period  of  weight  loss  (Figure  1). 

These  three  dogs  were  exercised  uneventfully  on  an  outdoor  dog  exercising  device 
from  1  April  1968  to  30  June  1968,  45  minutes  per  day,  3  days  per  week.  Through¬ 
out  the  test  feeding  period  these  animals  were  placed  in  outside  runs  5  days  per 
week  and  remained  in  the  runs  from  2  to  5  hours  daily. 


*Follis,  Richard  H. ,  Deficiency  Disease,  Charles  C.  Thomas,  pg.  78,  1968. 
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Clinical  and  Laboratory  Examinations  of  Motors  German  Shepherd  Dogs 
Fed  Rice  Base  Diets  (Cont'd) 


It  appears  that  weight  loss  in  relatively  inactive  mature  German  Shepherds  on 
a  ground  parboiled  rice  diet  is  more  related  to  deficiency  of  essential  truce 
nutritional  factors  than  to  protein  inadequacy,  since  deficiency  of  the  latter  would 
result  in  more  rapid  loss  of  condition  and  weight  than  we  observed  in  these  three 
animals.  It  is  interesting  to  speculate  how  mature  German  Shepherds  would  fare 
on  a  ground  parboiled  rice  regimen  with  vitamins  and  minerals  supplemented. 

This  work  unit  is  being  terminated  due  to  (1)  difficulty  in  procurement  of 
suitable  mature  German  Shepherds  for  a  controlled  study  and  (2)  changing  priority 
since  inception  of  this  study. 

CONCLUSIONS: 

1.  It  is  possible  to  maintain  body  weight  and  apparent  good  health  in  mature 
relatively  inactive  German  Shepherds  for  a  number  of  months  by  feeding  ground 
parboiled  rice  and  ’.voter,  or  parboiled  rice  and  soy  sauce,  both  diets  with  water 
ad.  lib. 

2.  As  the  clinical  condition  of  the  dogs  deteriorates,  deficiency  of  riboflavin 

and  Vitamin  A  become  apparent.  Deficiencies  of  other  nutrients  were  not  specifically 
determined  but  may  have  been  present  as  well,  e.g.  iodine. 

PUBLICATIONS: 

None.  An  MRNL  Laboratory  Report  is  in  preparation. 
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Clinical  and  Laboratory  Examinations  of  Mature  German  Shepherd  Dogs 
Fed  Rice  Base  Diets  (Cont'd) 


TABLE  I:  Clinicopafhologic  Value 


Dog  A 

Dog  B 

Dog  C 

Control  Dog 

CPK  units 

16  Sep  68 

80 

10 

10 

(normal  0  -9  units) 

24  Sep  68 

60 

15 

25 

SGPT  units 

12  Sep  68 

67 

(normal  <25  units) 

24  Oct  68 

73 

- 

- 

PCV  (%) 

12  Sep  68 

32 

35 

45 

(normal  45-50%) 

24  Oct  68 

32 

38 

56 

B -Carotene  (mcg/100 
16  Apr  69 

ml) 

0 

0 

>9.7 

Vitamin  A  (mcg/100  ml) 

16  Apr  69 

25 

40 

>  147 
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23.  (U)  Tech  Objective:  16 -alpha-hydro*,  yprogeaterone  ia  produced  by  tha  normal  hu- 
man  adrenal  gland.  Natriuretic  proper  tie*  have  been  attributed  to  16- nigh* -hydroxy - 
progesterone.  The  actual  blood  concentration  neceaaary  to  produca  a  raaponae  in 
humane  ia  unknown.  Tha  objective  of  thie  etudy  wai  to  establish  the  doaa  raaponae 
neceaaary  to  induce  aoduim  diuresis  in  human  aubjecta  by  tha  intravanoua  admlnietrati 
of  known  quantities  of  i6-atpha4tydroxyprogeaterone. 

24.  (U)  Approach:  A  conetant  intravanoua  infualon  of  1 6 -alpha- hydroxyprogaata rone 
waa  adminietered  for  aix  daye  in  one  aubject  and  for  aleven  daya  in  two  additional  aub¬ 
jecta. 

25.  (U)  Prograaa  (Jul  68  -  Jun  69  1:  In  tha  firat  eubjact  etudied  16- alpha  -  hydroxy  pro- 
geatarone  increaeed  the  urinary  potaaeium  to  aoduim  ratioe  of  thaaa  excreted  cationa 
correlating  to  an  elevation  of  urinary  aldoeterone  uerttion  which  incraaeed  five-fold. 
Urinary  aldosterone  excretion  increaeed,  secondary  to  administration  of  i6-Mpha- 
hydroxyprogaaterone  despite  a  high  sodium  intake  by  the  subject.  Preliminary  data 
suggest  that  this  steroid  ia  antagonistic  to  tha  action  of  aldosterone.  Results  are 
ponding  from  studies  on  two  additional  aubjecta. 
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ABSTRACT 


3A06J10IA91C  In-House  Laboratory  independent 
Research 

051  The  Evaluation  of  the  Natriuretic 

Property  of  16-Alpha-llydroxy- 
pfogeaterone  inTTuman  Subject# 

The  following  investigation  was  conducted  under  this  work,  unit: 

STUDY  NO.  1:  The  Evaluation  of  the  Natriuretic 
Property  of  lb-Alpha-Hydroxy- 
progeaterone  ~ 

16-alpha-hydroxyprogesteronc  ia  produced  by  the  normal  human  adrenal 
gland!  Natriuretic  properties  have  been  attributed  to  this  steroid  com¬ 
pound,  A  constant  intravenous  infusion  of  16-alpha-hydroxyprogenterone 
was  administered  for  6  days  into  one  normal  subject  and  far  10  days  into 
two  additional  normal  subjects.  The  infusion  of  the  steroid  was  pre¬ 
ceded  by  an  eight-day  equilibration  period  in  which  the  subjects  received 
a  constant  high  sodium- normal  potassium  diet  which  was  continued 
throughout  the  entire  study.  This  period  was  followed  by  a  control  infu¬ 
sion  period  and  finally  the  period  of  infusion  of  the  steroid  which  was 
compared  to  the  control, 

The  first  subject  receiving  16-alpha-hydroxyprogesterone  for  6  days 
was  on  strict  bed  rest  in  the  supine  position  during  all  infusion  periods. 
The  other  two  subjects  were  allowed  to  ambulate  during  the  infusion 
periods. 

In  the  first  subject  there  was  a  kaliuresis  associated  with  a  tendency 
toward  sodium  retention  resulting  in  an  elevated  urinary  potassium  to 
sodium  ratio  during  the  infusion  of  16-alpha-hydroxyprogesterone, 
Urinary  aldosterone  excretion  increased  during  the  infusion  of  the 
steroid  compared  to  the  control  period.  These  results  were  also 
found  in  subject  two.  The  results  were  variable  in  subject  three.  It 
was  felt  that  change  in  posture  and  renin-angiotensin  activity  there 
may  have  negated  the  effect  achieved  in  the  other  subjects. 

These  preliminary  data  suggest  that  16-slpha-hydroxyprogestefone 
opposes  the  action  of  aldosterone  in  normal  subjects  resulting  in 
elevated  levels  of  aldosterone  when  infused  in  face  of  a  high  sodium 
intake. 
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j  WORK  UNIT  MO,  051  The  F, valuation  of  the  Natriurcli* 

Property  of  i f>- Alpha-1  lydroxy- 
progesterone  in  Human  Subje*  ts 

PROBLEM: 

1 6-  alpha-h  yd  roxyprog  eat  crone  is  produced  bv  tbo  normal  human 
adrenal  gland,  It  has  been  reported  by  Janoski,  et  al,  ,  that  this 
j  steroid  is  produced  In  large  amounts  in  untreated  patients  with 

salt-losing  congenital  adrenal  hyperplasia,  Natriuretic  properties 
have  been  attributed  to  16-alpha -hydroxy progesterone  in  various 
reports.  The  actual  blood  concentration  necessary  to  produce  a 
response  in  humans  is  unknown.  The  natriuretic  effects  of  this 
steroid  in  humans  had  not  been  previously  determined,  1 6-alpha- 
hydroxyprogesterone  was  prepared  from  16-alpha-  17-alpha- 
epoxyprogesterone. 

After  constant  electrolyte  balance  on  a  high  sodium  (250  mFq  'day) 
normal  potassium  (50  mEqMay)  intake  was  attained,  three  subjects 
received  a  control  infusion.  This  was  followed  by  a  constant  infusion 
of  30  mg'dav  of  1 6-alpha-hydroxyprogestcrone  for  6  days  in  Subject 
I  and  for  10  days  in  Subjects  II  and  III,  Subject  I  was  restricted  to 
the  supine  position  during  all  infusion  periods;  whereas,  Subjects  II 
and  III  were  allowed  to  ambulate.  Frequent  blood  samples  and 
24-hour  urine  samples  were  collected  to  compare  electrolyte  changes 
and  aldosterone  excretion  during  control  versus  the  steroid  infusion 
periods,  < 

RESULTS; 

In  Subjects  I  and  11  there  was  kaliuresis,  and  urinary  sodium  retention 
resulting  in  an  elevated  urinary  potassium  to  sodium  ratio  during  the 
infusion  of  1 6-alpha-hydroxyprogesterone.  These  changes  were  associ¬ 
ated  with  a  rise  in  urinary  excretion  of  aldosterone  during  the  infusion 
of  this  steroid.  In  Subject  III  a  true  balance  was  not  attained  during 
the  control  period  and  the  variable  results  suggested  the  interplay  of 
the  renin-angiotensin  system  secondary  to  postural  changes. 

The  findings  in  Subjects  1  and  11  during  the  infusion  of  1 6-alpha- 
hydroxyprogesterone  are  consistent  with  an  opposition  of  this  steroid 
to  the  action  of  aldosterone. 
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The  Evaluation  of  the  Natriuretic  Property  of  16- Alpha -Hydroxy - 
progesterone  in  Human  Subjects  (Cont'd) 

RECOMMENDATIONS; 

Additional  studies  are  necessary  to  verify  these  findings  and  to 
establish  a  dose-response.  Normal  subjects  should  be  studied  only 
in  the  supine  position  to  negate  postural  effects  on  electrolyte  balance 
and  aldosterone.  Adrenalectomii&ed  patients  are  needed  to  establish 
a  log-dose  response  of  lfe-alpha-hydroxyprogegterone  to  mineralo- 
corticoid  without  the  Intcrventio  i  of  the  physiological  readjustments 
in  subjects  with  intact  adrenal  glands. 

This  work  unit  shall  be  closed  In  July  1969  because  the  principal 
investigator  Is  leaving  the  Laboratory  and  Service, 

PUBLICATIONS; 

1.  Janoski,  A.H.,  M,  Roginsky,  N,  P,  Christy  and  W.  G.  Kelly. 
Hy'perproduction  of  1 6 -alpha -hydroxyprog  ester  one  in  salt-losing 
congenital  adrenal  hyperplasia.  Abstract  No.  59.  The  51st 
Annual  Meeting  of  the  Endocrine  Society,  New  York  1969  (June). 

2,  Janoski,  A.  H. ,  M.  Roginsky,  N,  P.  Christy  and  W.  G.  Keily. 
Metabolism  of  16-Alpha-Hydroxy  C21,  Steroids  HI-  J.  Clin, 

Endocrin,  and  Metab.  (In  Press) 
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23.  (U)  Tech  Objective:  To  determine  the  effects  of  pharmacologic  agents  and 
environmental  stress  on  the  coronary  circulation. 

24.  (U)  Approach:  Coronary  blood  flow  will  be  measured  by  one  of  the  following 
methods:  1)  myocardial  clearance  of  Xenon-133,  2)  electromagnetic  flowmeters,  3) 
indicator-dilution  curves  using  labeled  and  nonlabeled  tracers.  Initial  studies 
will  determine  the  effects  of  various  agents  on  coronary  blood  flow  in  man  and 
dog  and  the  effects  of  hypoxia  and  high  attitude  on  the  coronary  circulation  in  the 
dog. 

25.  (U)  Progress:  (Jul  68  -  Jun  69)  Two  studies  on  the  effects  of  selective  coronary 
injection  of  radiopaque  contrast  agents  have  been  completed.  One  study  in  man  has 
confirmed  that  myocardial  blood  flow  does  increase  transiently  following  coronary 
arteriography.  Another  study  in  intact  dogs  has  shown  that  the  hemodynamic  respons 
to  coronary  injections  of  radiopaque  media  are  in  part  reflex-mediated  through  acti¬ 
vation  of  coronary  stretch  receptors.  The  results  of  the  latter  study  have  been  sub¬ 
mitted  for  publication.  Experiments  designed  to  determine  the  effects  of  activation 
of  the  coronary  stretch  receptors  on  renal  function  are  presently  underway. 
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ABSTRACT 


PROJECT  NO. 

3A061 101A91C 

In-House  Laboratory 
Independent  Research 

WORK  UNIT  NO. 

052 

Coronary  Blood  Flow 
Studies 

The  following  investigations  have  been  or  will  soon  be  initiated 
under  this  work  unit: 


STUDY  NO.  1:  Effects  of  Nitroglycerin  and  Amyl  Nitrate 
on  Coronary  Blood  Flow  in  Intact  Dogs 

STUDY  NO.  2;  Effects  of  Selective  Coronary  Arteriography 
on  Myocardial  Blood  Flow  in  Man 


STUDY  NO.  3:  The  Response  of  the  Coronary  Vasculature 

*  and  Tissue  Fluid  Compartments  to  Decreased 
Oxygen  Supply 

STUDY  NO.  4:  Reflex  and  Direct  Effects  of  Selective 
Coronary  Arteriography  in  the  Dog 


STUDY  NO.  5: 


Effects  of  Coronary  Receptor  Activation  on 
Renal  Function 


This  work  unit  was  established  to  investigate  the  effects  of  pharma¬ 
cologic  agents  and  environmental  stress  on  the  coronary  circulation. 
Several  methods  of  measuring  coronary  blood  flow  will  be  utilized 
including:  (1)  myocardial  clearance  of  Xenon- 133,  (2)  electromagnetic 
flowmeters,  (3)  indicator-dilution  curves  using  labelled  and  nonlabelled 
tracers.  In  the  past  year  two  studies  on  the  effects  of  selective  coron¬ 
ary  injection  of  radiopaque  contrast  agents  have  been  completed.  One 
study  in  man  has  confirmed  that  myocardial  blood  flow  does  increase 
transiently  following  coronary  arteriography.  Another  study  in  intact 
dogs  has  shown  that  the  hemodynamic  responses  to  coronary  injections 
of  radiopaque  media  are  in  part  reflex-mediated  through  activation  of 
coronary  stretch  receptors.  The  results  of  the  latter  study  have  been 
submitted  for  publication.  Experiments  designed  to  determine  the 
effects  of  activation  of  the  coronary  stretch  receptors  on  renal  function 
are  presently  underway. 
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WORK  UNIT  052  Coronary  Blood  Flow  Studies 

STUDY  NO.  1  Effects  of  Nitroglycerin  and  Amyl 

Nittate  on  Coronary  Blood  Flow  in 
Intact  Dogs 

PROBLEM: 

Until  recent  years,  information  concerning  the  responses  of  the  cor¬ 
onary  circulation  has  been  derived  primarily  from  isolated  heart  or 
heart-lung  preparations  of  experimental  animals  or  from  postmortem 
studies  in  man.  Unfortunately,  the  data  obtained  from  t^ese  experi¬ 
mental  situations,  excluded  from  normal  metabolic  support,  thermal 
regulation  and  autonomic  nervous  system  and  respiratory  influences 
are  not  satisfactory  for  predicting  hemodynamic  responses  in  the 
intact  animal  or  in  man.  Recently,  however,  several  methods  have 
been  developed  which  allow  the  measurements  of  coronary  blood  flow 
in  the  intact,  closed-chest  dog  or  in  man.  This  permits  the  study  ox 
the  coronary  circulation  within  an  anatomically  and  physiologically 
intact  cardiovascular  system. 

RESULTS: 

Due  to  various  technical  difficulties  we  have  not  been  able  to  proceed 
with  this  study.  Because  the  principal  investigator  is  leaving  the 
service  in  the  immediate  future,  this  study  is  being  withdrawn. 

STUDY  NO.  2  Effects  of  Selective  Coronary 

Arteriography  on  Myocardial 
Blood  Flow  in  Man 

PROBLEM: 

The  administration  of  small  amounts  of  hypertonic,  radiopaque  agents 
directly  into  the  coronary  artery  has  been  shown  in  both  the  open-chest 
and  intact  anesthetized  dog  to  produce  an  increase  in  myocardial  blood 
flow.  Whether  this  phenomenon  occurs  in  man,  particularly  in  the 
presence  of  coronary  artery  disease  is  unknown.  Selective  coronary 
arteriography  is  being  utilized  with  increasing  frequency  in  most 
cardiac  catheterization  laboratories,  thus  it  is  important  to  obtain  as 
much  information  as  possible  about  the  effects  of  this  procedure. 

RESULTS: 
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Coronary  Blood  Flow  Studies  (Cont'd) 


In  4  of  5  patients  with,  and  in  2  of  5  patients  without  demonstrable 
coronary  artery  disease  myocardial  blood  flow  (measured  by  the 
Xenon- 133  myocardial  washout  method)  increased  10  -  82%  above 
control  values  within  one  minute  of  intracoronary  injection  of 
Renografin-60.  One  patient  with,  and  two  without  coronary  artery 
disease  showed  no  change  in  myocardial  flow  and  the  remaining 
patient  without  coronary  disease  responded  to  the  injection  with  a 
17%  reduction  in  flow.  Those  patients  showing  an  increase  in  flow 
had  lesser  control  values  (range:  39  -  58  ml/min/100  g)  than  those 
who  showed  no  change  or  a  fall  (range:  72-82  ml/min'IOO  g). 

STUDY  NO.  3  The  Response  of  the  Coronary 

Vasculature  and  Tissue  Fluid 
Compartment  to  Decreased 
Oxygen  Supply 

This  study  has  been  moved  to  Work  Unit  No.  081. 

STUDY  NO.  4  Reflex  and  Direct  Effects  of 

Selective  Coronary  Arteri¬ 
ography  in  the  Dog 

PROBLEM: 

Transient  cardiac  slowing  and  rarely  cardiac  arrest  have  been 
observed  following  selective  coronary  artery  injection  of  radiopaque 
contrast  agents.  The  cause  of  this  slowing  has  not,  to  our  knowledge, 
been  delineated.  After  preliminary  experiments  in  closed-chest  dogs 
revealed  this  to  be  a  reflex  phenomenon,  a  more  definitive  study  was 
designed  and  carried  out. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

Hyperosmotic  solutions  of  a  variety  of  substances  including  poly¬ 
vinylpyrrolidone,  sodium  diatrizoate,  methylglucamine  diatrizoate, 
NaCl,  glucose,  sucrose,  and  mannitol  produced  transient  sinus 
bradycardia  and.  fall  in  arterial  blood  pressure  when  injected  dir¬ 
ectly  into  the  coronary  arteries  of  the  intact  anesthetized  dog.  More 
consistent  and  marked  responses  were  observed  when  injections  were 
made  into  the  left  as  compared  to  the  right  coronary  artery.  The 
same  changes  occurred  with  acute  coronary  venous  hypertension 
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Coronary  Blood  Flow  Studies  (Cont'd) 


induced  by  coronary  sinus  obstruction  with  a  balloon  catheter.  The 
responses  were  not  produced  by  coronary  injections  of  isosmotic 
saline  or  injections  of  the  various  substances  into  the  aortic  root, 
left  ventricle  or  pulmonary  artery  nor  were  they  abolished  by  pre¬ 
heating  the  solution  to  body  temperature. 

The  drop  in  blood  pressure  occurred  even  when  the  bradycardia  was 
prevented  b\  pacing  or  atropine.  Concomitant  with  the  fall  in  blood 
pres  sure,  femoral  blood  flow  increased  indicating  the  former  response 
was  due  in  part  to  peripheral  vasodilatation.  Maximal  left  ventricular 
contractility  (LV  dP'dt)  decreased  with  the  fall  in  blood  pressure, 
even  if  the  bradycardia  was  prevented.  In  most,  but  not  all,  of  the 
experiments  this  reduction  in  maximal  LV  dP'dt  could  be  nearly  or 
completely  abolished  by  beta  adrenergic  blockade.  It  is  thus  probable 
that  a  reflex- mediated  decrease  in  myocardial  contractility  contributes 
to  the  fall  in  blood  pressure.  All  responses  were  abolished  by  bi¬ 
lateral  vagotomy  with  the  exception  of  the  fall  in  pressure  and  maximal 
LV  dP/dt  produced  by  the  radiopaque  media  or  5%  NaCl.  These  agents 
exert  a  direct  myocardial  depressant  action.  Simultaneously  deter¬ 
mined  indicator-dilution  curves  using  ^^I-albumin  and  ^ *I-diatrizoate 
verified  that  the  diatrizoate  molecule  leaves  the  circulation  during  its 
passage  through  the  coronary  vascular  bed.  Calculations  derived  from 
these  curves  demonstrated  that  injection  of  non-labelled  diatrizoate 
produces  a  large  increase  in  coronary  blood  flow.  In  patients  under¬ 
going  selective  coronary  arteriography,  the  bradycardia,  but  not  the 
fall  in  blood  pressure  occurring  with  coronary  injections  of  radiopaque 
media,  could  be  prevented  by  atropine.  The  commercial  preparations 
of  sodium  diatrizoate  (Hypaque  50%)  usually  produced  more  intense 
bradycardia  than  the  preparation  of  methylglucamine  diatrizoate 
(Renografin  60%). 

It  is  concluded  that  the  depressor  effects  of  coronary  injections  of 
hyperodmotic  solutions  or  coronary  sinus  obstruction  are  the  result 
of  activation  of  a  reflex  arc  originating  from  stretch  receptors  in  the 
coronary  capillaries  or  small  veins.  The  afferent  limb  of  the  reflex 
is  bilaterally  represented  in  the  cervical  vagosympathetic  trunks  of 
the  dog.  The  efferent  effects  characterized  in  these  experiments 
were  increased  vagal  firing  to  the  sinus  node,  decreased  activity  of 
adrenergic  fibers  to  peripheral  vascular  alpha  receptors  and  probably 
diminished  adrenergic  firing  to  beta  receptors  in  the  ventricular  myo¬ 
cardium. 

STUDY  NO.  5  Effects  of  Coronary  Receptor 

Activation  on  Renal  Function 
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Coronary  Blood  Flow  Studies  (Cont’d) 


PROBLEM: 

To  determine  the  role,  if  any,  of  coronary  vascular  stretch  receptors 
in  the  regulation  of  renal  function,  i.e.  ,  are  these  receptors  physio¬ 
logically  important  as  central  volume  receptors 

RESULTS: 

Work  to  date  ha3  shown  that  a  diuresis  accompanies  activation  of 
the  coronary  receptors.  Additional  experiments  are  currently 
being  conducted  to  determine  the  mechanism(s)  involved. 

R  ECOMMENDA  TION5: 

Studies  dealing  with  the  relationship  between  renal  function  and 
the  cardiovascular  system  should  continue.  High  altitude  exposure, 
pulmonary  artery  pressure  and  renal  function  are  interesting  correlates 
that  should  be  investigated. 

2.  Basic  research  in  cardiac  physiology  should  be  continued. 
PUBLICATIONS: 

1.  Carson,  R.  P.  ,  and  R,  L&zzara.  Hemodynamic  Responses 
Initiated  by  Coronary  Stretch  Receptors  with  Special  Reference 
to  Coronary  Arteriography,  American  J,  Cardiology  (Submitted 
for  publication). 
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23.  (U)  Tech  Objective:  To  study  alterations  in  the  composition  and  (unction  of  cellu¬ 
lar  and  subcellvilar  muscle  components  during  the  progression  of  nutritional  myopath¬ 
ies.  To  investigate  the  cellular  and  subcellular  distribution  and  rate  of  turnover  of 
Vitamin  E  in  various  tissues.  To  study  the  influence  of  environment  and  various 
dietary  components  on  the  metabolism  of  Vitamin  E. 

24.  (U)  Approach;  Vitamin  E-deficient  rabbits  will  be  utilized  in  studies  on  nutritional 
muscular  dystrophy.  The  laboratory  rat  will  be  used  in  studies  investigating  the  meta 
bolic  interaction  of  vitamin  E  with  other  nutrients.  Isotopically  labeled  tocopherols 
will  be  employed  in  metabolism  studies  and  in  turnover  measurements.  Various  en¬ 
zymes  associated  with  muscle  metabolism  and  functions  will  be  studied  and  their  acti¬ 
vities  quantitated. 

25.  (U)  Progress  (Jul  68  -  Jun  69)  Due  to  personnel  shortages,  no  further  progress 
was  made.  Further  studies  in  this  area  have  been  discontinued. 
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ABSTRACT 


PROJECT  NO. 

3AQ61101 A91C 

In-House  Laboratory 
Independent  Research 

WORK  UNIT  NO. 

053 

Studies  in  Nutritional 
Myopathies 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Effect  of  vitamin  E  deficiency  on  the  fatty  acid 

profiles  of  phospholipids  isolated  from  rabbit  muscle 
sareolemma 

STUDY  NO-  2  .'ffect  of  vitamin  E  deficiency  on  the  calcium  uptake 
and  AT  Pase  activity  of  rabbit  grana 

Due  to  personnel  shortages/  no  significant  progress  has  been  made  during  this 
fiscal  year.  Since  qualified  personnel  are  not  anticipated  to  be  available  in 
the  immediate  future,  further  studies  in  this  area  have  been  discontinued. 
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WORK  UNIT  NO.  053  Studies  in  Nutritional 

Myopathies 

STUDY  NO.  1  Effect  of  vitamin  E  deficiency 

on  the  fatty  acid  profiles  of 
phospholipid^  isolated  from 
rabbit  muscle  sarcolemma 

PROBLEM: 

The  exact  metabolic  role  of  vitamin  E  in  humans  and  laboratory  animals  is  un¬ 
known.  One  hypothesis  considers  vitamin  E  as  an  antioxidant  essential  for  the 
maintenance  of  normal  cell  function  and  integrity.  This  hypothesis  is  consis¬ 
tent  with  the  creatinuria  and  increases  in  serum  enzyme  activity  observed  during 
vitamin  E  deficiency  in  several  species.  It  seemed  important  therefore,  to 
ascertain  the  extent  that  the  fatty  acids  bound  to  the  phospholipids  in  muscle 
membranes  (sarcolemma)  were  altered  by  vitamin  E  deficiency. 


STUDY  NO.  2  Effect  of  vitamin  E  deficiency 

on  the  calcium  uptake  and  AT 
Pase  activity  of  rabbit  muscle 
grana 


PROBLEM: 


Muscle  sarcoplasmic  reticulum  is  characterized  by  high  calcium  uptake  or 
binding  activity  with  a  concomitant  rapid  AT  Pase  activity.  Several  inves¬ 
tigators  have  shown  that  release  of  calcium  from  the  sarcoplasmic  reticulum  is 
essential  for  muscle  contraction  whereas  uptake  or  binding  of  calcium  occurs 
during  muscle  relaxation.  Since  vitamin  E  deficiency  in  the  rabbit  is  charac¬ 
terized  by  a  complete  relaxation  of  the  hind  limbs,  it  seemed  important  to 
investigate  the  calcium  uptake  and  AT  Pase  activity  of  several  muscles  in  both 
deficient  and  control  animals. 

RESULTS  AND  CONCLUSIONS: 


Due  to  departure  of  the  principal  investigator  and  other  personnel  shortages, 
na  significant  progress  has  been  made  during  this  fiscal  year.  Since  qualified 
personnel  are  not  anticipated  to  be  available  in  the  immediate  future,  further 
studies  in  this  area  have  been  discontinued.  Should  personnel  again  become 
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Studies  in  Nutritional  Myopathies  (Cant1  d) 

available/  appropriate  aspects  of  these  ttudiei  would  be  considered  for 
continued  investigation  under  Work  Unit  No.  060:  Baiic  Studies  of 
Nutrition  and  Metabolism, 

PUBLICATIONS:  None 

Several  manuscripts  based  on  findings  reported  in  previous  Annual  Progress 
Reports  are  being  prepared.  Resulting  publications  will  be  subsequently 
indicated  under  Work  Unit  No,  060:  Basic  Studies  of  Nutrition  and  Metabolism. 
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23.  (U)  Tech  Obj.  ;  Animal  tissues  subjected  to  physiologic  etressae.  nutritional  de¬ 
ficiencies,  ate.  undergo  a  variety  of  structural  changes,  Many  of  these  are  undetect¬ 
able  or  poorly  defined  with  light  microscopy  but  may  bs  visualised  with  the  electron 
microscope  (EM).  The  broad  objectives  of  this  work  unit  are  to' characterise  ultra- 
structural  changes  occurring  under  such  conditions,  and  to  attempt  to  correlate  these 
with  functional  changes  and  with  alterations  in  cellular  and  tissue  organisation  at  the 
level  visualised  by  light  microscopy. 

24.  (U)  Approach:  Tissues  subjected  to  the  above  kinds  of  stresses  will  be  studied  by 
EM  and  thair  ultrastructurel  morphology  will  be  correlated  with  routine  histopsthology 
on  the  same  tleeue;  this  approach  revaale  rhanges  net  clearly  visualised  by  light  mi¬ 
croscopy  since  the  identity  and  significance  of  structures  poorly  visualised  esn  be  con¬ 
firmed  with  the  electron  microscope.  Sequential  studies  can  reveal  processes  or 
mtehaniime  and  hslp  relate  structure  to  functional  changes  which  art  observed.  Con- 
tidsrabli  experimentation  with  fixation,  embedding  and  etaining  for  EM  examination 
may  be  required. 

25.  (U)  Progress  (Jul  68-  Jun  69):  Study!:  "A  Sequential  Study  of  Ultracellular  Chan¬ 
ges  in  Hepatic  and  Reticuloendothelial  Calls  Following  Administration  of  Parenteral 
Lipid  Emulsion".  A  10%  cottonseed  oil  emulsion  was  given  to  105  rabbits,  a  single  in¬ 
travenous  dole  of  20  cc/kg.  Several  tissue  specimen#  were  taken  from  each  animal, 
killed  at  intervals  from  3  min,  to  8  wks.  after  initiation  of  infueion.  These  2520  speci¬ 
mens  have  been  processed,  epon-embedded,  and  filed.  Further  processing  and  EM  ex¬ 
amination  have  been  delayed  due  to  personnel  shortages  and  studies  on  higher  priority. 
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ABSTRACT 


In-House  Laboratory 
Independent  Research 

Ultrastructure  of 
Animal  Tissue 

A  Sequential  Study  of  the 
Ultracellular  Changes  Within 
the  Hepatic  and  Reticulo- 
Endothe I ia I  Cells  Following 
Administration  of  Parenteral 
Lipid  Emulsions 

To  study  Sequential  cellular  alterations  during  uptake,  accumulation  and 
assimilation  of  lipid  globules  after  intravenous  fat  administration.  Reticulo¬ 
endothelial  and  hepatic  cells  are  of  primary  concern  and  the  development  of 
"intravenous  fat  pigment"  and  pigment  granulomas  are  of  particular  interest. 

Intravenous  fat  emulsion  (10%  cottonseed  oil)  was  administered  to  105  rabbits 
at  the  rate  of  20  cr./lsg  body  weight.  Administration  of  the  single  full  dose 
requires  approximately  90  minutes.  Sequential  sacrifice  began  5  minutes  after 
initiation  of  administration  and  continued  at  intervals  up  to  8  weeks.  Animals 
were  sacrificed  and  tissues  from  liver,  Spleen,  lungs  and  kidneys  were  collected 
and  prepared  for  examination  by  light  and  electron  microscopy.  The  time 
relationships  from  uptake  of  lipid  to  establishment  of  pigment  and  granulomas 
will  be  determined. 


PROJECT  NO.  3A06I 101 A91C 

WORK  UNIT  NO.  054 

STUDY  NO.  1 


Collection  of  specimens  from  105  rabbits  has  resulted  in  2,520  epon-embedded 

for  nnrJ  r#»nri»ci»nfnf for 

. . -  •  -  r  ’ - i~i.  .  ~  - - 

light  microscopy  as  well.  The  electron  microscopic  examination  of  these 
specimens  has  been  delayed  due  to  personnel  shortages  and  studies  of  higher 
priority. 


BODY  OF  REPORT 

WORK  UNIT  NO.  054  Liitrastructure  of 

Animat  Tissue 

STUDY  NO.  1  A  Sequential  Study  of 

the  Ultracellular  Changes 
Within  the  Hepatic  and 
Re  ticuio  -Endothelial 
Cells  Following  Admin¬ 
istration  of  Parenteral 
Lipid  Emulsions 

PROBLEM: 


Fat  emulsions  could  be  a  very  useful  component  of  parenteral  alimentation 
regimens.  Emulsions  evaluated  to  date  produce  a  pigment  in  reticulo-endothelial 
cells  and  hepatic  parenchymal  cells.  The  functional  significance  of  this  pigment 
has  not  been  established. 

Previous  electron  microscopic  studies  have  shown  that  alterations  exist  at  both 
the  cell  surface  and  within  the  cell,  in  association  with  uptake  and  assimilation 
of  parenterally-administered  fat  emulsions.  These  previous  studies  have  been 
sporadic  with  respect  to  total  dose  and  time  after  administration. 

A  sequential  examination,  beginning  during  infusion  and  extending  for  some 
period  after  a  standardized  dose,  has  not  been  reported.  This  study  will  follow 
rabbits,  three  per  time  interval,  from  5  minutes  after  initiation  of  a  single 
90-minute  administration  to  8  weeks,  following  the  presence  of  lipid  globules 
in  capillaries  to  their  entrance  into  the  cell,  their  assimilation  and  the  possible 
development  of  pigment  and  granulomas. 

The  tissues  have  been  collected,  epon -embedded  and  filed.  Further  processing 
of  these  tissues  has  been  delayed  due  to  personnel  shortages  and  studies  of  higher 
priority. 
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23.  (U)  Tech  Objective:  The  study  would  attempt  to  produce  a  procedure  and  the 
equipment  to  produce  the  genera ll Ration  of  stimuli  on  a  dimension  of  meaning  to  a 
set  of  classically  conditioned  reflexes.  In  addition,  various  parameters  of  the 
situation  would  be  explored  including:  l)  intensity  of  the  unconditioned  stimuli; 

2)  extinction  ratss  of  the  reflex*#  after  partial  reinforcement;  3)  subject 
awareness;  4)  susceptibility  of  various  reflexes  to  the  procedure. 

24.  (U)  Approach:  Volunteer  subjects  win  be  conditioned  to  sets  of  words  or 
sentences  reflecting  bipolar  dimensions  of  meaning,  white  noise  being  the  uncondi¬ 
tioned  stimulus.  Following  a  schedule  of  partial  reinforcement,  and  interspersed 
between  reconditioning  trials,  trials  of  semantic  generalisation  across  the  bipolar 
meaning  dimensions  will  be  attempted.  Reinforcement  events  will  be  stacked  on 

a  probabilistic  basis.  Conditioned  responses  will  be  peripheral  vasoconstriction, 
myographic,  eyelid  and  galvanic  skin  responses. 

25.  (U)  Progress:  No  formal  results  were  obtained.  A  few  subjects  were 
tested  todeterntine  stimulus  intensities  required  to  produce  an  adequate 
response.  The  initial  work  shows  hubjects  to  be  conditionable  in  ss  few  as 
three  trials.  A  mercury  pletbesmograph  was  shown  as  ideal  for  response 
measurements.  The  project  was  termimted  due  to  the  departure  of  both 
inveGtigators. 
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ABSTRACT 


PROJECT  NO.  3A061101A91C  In-House  Independent  Laboratory 

Research 

WORK  UNIT  NO.  055  Development  of  a  Semantic 

Auditory  Conditioning  Apparatus 


The  purpose  of  this  investigation  was  to  develop  a  reliable  method  for 
producing  vasomotor,  galvanic  and  myographic  reflexes  to  conditioned 
stimuli  along  bipolar  dimensions  of  meaning.  Different  types  of  uncon¬ 
ditioned  stimuli  and  reflexes  were  to  be  used  to  overcome  idiosyncratic 
responsivity  of  different  subjects.  Parameters  of  conditioned  stimulus- 
unconditioned  stimulus  (CS-UCS)  interval,  conditioned  stimulus  (CS) 
and  unconditioned  stimulus  (UCS)  intensities  and  durations  and  subject 
awareness  were  to  be  studied. 

The  study  has  been  terminated  due  to  the  departure  of  both  the  principal 
and  associate  investigator. 
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BODY  OF  REPORT 


WORK  UNIT  055 


PROBLEM: 


-  Development  of  a  Semantic  Auditory 
Conditioning  Apparatus 


The  purpose  of  this  investigation  was  to  develop  a  reliable  method 
for  producing  vasomotor,  galvanic  and  myographic  reflexes  to  con¬ 
ditioned  stimuli  (CS)  along  bipolar  dimensions  of  meaning.  Different 
types  of  unconditioned  stimuli  (UCS)  and  reflexes  were  to  be  used  to 
overcome  idiosyncratic  responsivity  of  different  subjects.  Parameters 
of  CS-UCS  interval,  CS  and  UCS  intensities  and  durations  and  subject 
awareness  were  also  to  be  studied. 

RESULTS: 

No  formal  results  were  obtained.  Feasibility  studies  on  a  limited 
number  of  subjects  gave  promising  results.  The  study  has  been 
terminated  due  to  the  departure  of  both  investigator?  early  in  FY  69. 
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23.  (U)  Tech  Objective:  l)  To  attempt  to  determine  whether  or  not  the  adrenal  glands  r 
■  pond  directly  to  alterations  in  blood  pressure  at  the  local  level,  2)  to  elucidate  the 
mechanism  by  which  Arfonad  (trimethaphan)-induced  hypotension  increased  plasma  fre 
fatty  acid  concentration,  and  3}  to  investigate  the  influence  of  long-term  administratior 
of  a  complete  parenteral  nutrition  formula  on  carbohydrate  and  lipid  metabolism  and 
tissue  histology. 

24.  (U)  Approach:  1)  Acute  reduction  in  blood  pressure  to  the  adrenal  glands  will  be 
achieved  using  a  balloon  catheter  which  is  inflated  above  the  renal  arteries,  and  mea¬ 
surements  will  be  made  of  hemodynamic  and  metabolic  changes,  as  well  as  catechola¬ 
mines.  2)  Blood  pressure  will  be  reduced  by  50  mm  of  Hg  with  ^esthetized  dogs  and 
turnover  of  plasma  free  fatty  acids  will  be  determined  by  using  C  labeled  free  fatty 
acids.  In  addition,  catecholamine  secretion  will  be  measured,  and  the  effects  of  pro- 
panolol  on  the  change  in  free  fatty  acids  will  be  determined.  3)  A  wholesome  diet  to  in 
elude  a  carbohydrate,  a  mixture  of  amino  acids  and  the  free  fatty  acid,  octanoate,  as 

.well  as  minerals  and  vitamins  will  be  prepared  and  tried  in  experimental  animals.  Th 
|  influence  of  such  a  formula  on  lipid  and  carbohydrate  metabolism  will  be  investigated 
on  an  acute  and  chronic  basis.  The  parenteral  nutrient  will  be  infused  through  in¬ 
dwelling  catheters. 

25-  (U)  Progress:  The  first  portion  of  the  study  dealing  with  the  mechanism  of  enhance 
secretion  of  catecholamines  during  hypotension  is  underway.  The  methodology  for  de¬ 
termination  of  catecholamines  and  free  fatty  acids  is  already  set  up.  Work  Unit  was 
terminated  when  the  principal  investigator  was  transferred  to  Viet  Nam. 
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ABSTRACT 


PROJECT  NO.  3A061101A91C 

WORK  UNIT  NO.  055 


In-House  Laboratory 
Independent  Research 

Metabolic  Interrelationships 


Three  studies  on  dogs  have  been  initiated  to  determine  the  mechanisms 
by  which  the  adrenal  glands  respond  to  hypotension.  Preliminary 
information  is  incomplete. 

Further  studies  under  this  work  unit  were  terminated  due  to  the 
sudden  transfer  of  the  principal  investigator. 
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WORK  UNIT  NO.  055 
PROBLEM; 

Hemorrhage  and  drug-induced  hypotension  is  associated  with  increased 
secretion  of  catecholamines.  However,  the  mechanism  by  which  the 
adrenal  gland  responds  to  the  reduction  in  blood  pressure  is  not  fully 
determined.  It  is  partly  mediated  via  the  central  nervous  system.  An 
attempt  was  made  to  determine  whether  or  not  the  adrenal  gland  re¬ 
sponds  directly  to  changes  in  blood  pressure  at  the  local  level.  Acute 
reduction  in  blood  pressure  to  the  adrenal  glands  can  be  achieved 
using  a  balloon  (Dottcr- Lucas),  inflated  above  the  renal  arteries  to 
create  a  gradient. 

In  the  anesthetized  dogs,  reduction  of  blood  pressure  by  approximately 
50mm  Hg  produces  a  reduction  in  pulse,  slight  increase  in  plasma 
glucose  concentration,  and  a  marked  increment  in  plasma  free  fatty 
acid  concentration.  The  mechanism  by  which  plasma  free  fatty  acid 
concentration  is  increased  during  Arfonad  (tr imethaphan)  hypotension 
was  to  be  elucidated  by  using  carbon-14  labeled  free  fatty  acids  in 
tracer  amounts  to  determine  turnover  of  plasma  free  fatty  acids,  by 
measurement  of  catecholamine  secretion  during  the  hypotension  period, 
and  by  the  use  of  propanolol,  a  beta  blocking  agent. 

A  study  will  measure  the  turnover  of  apoprotein  of  serum  lipopro¬ 
teins  as  influenced  by  plasma  expanders.  The  turnover  of  the  apopro¬ 
tein  will  be  determined  using  selenium  -75.  The  latter  isotope  has 
been  shown  to  be  extremely  useful  when  used  in  tracer  amounts  to 
determine  turnover  of  proteins. 

RESULTS  AND  DISCUSSION  OF  RESULTS; 

Three  experiments  have  been  performed  on  dogs  in  an  attempt  to 
determine  the  mechanism  by  which  the  adrenal  glands  respond  to 
a  reduction  in  blood  pressures.  In  addition  to  the  analyses  of 
catecholamines,  plasma  glucose  and  free  fatty  acids,  measure¬ 
ments  have  been  made  on  blood  pressure,  heart  rate  and  cardiac 
output. 
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Metabolic  Interrelationships  (Con't) 


CONCLUSIONS; 

Three  studies  have  been  completed  on  dbgs,  dealing  with  the  mechan¬ 
isms  of  enhanced  secretion  of  catecholamines  during  hypotension. 

The  analytical  procedures  for  determination  of  catecholamines,  free 
fatty  acids-  and  cholesterol  are  now  in  operation. 

While  the  proposed  studies  are  deserving  of  further  investigations, 
this  work  unit  is  being  terminated  due  to  the  departure  of  the  princi¬ 
pal  investigator. 

RECOMMENDATIONS ; 

None. 
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23.  (U)  Tech  Objective:  To  develop  A  technique  to  evaluate  a  subject's  reaction  to  spe¬ 
cific  drug  induced  physiological  changes.  Further,  this  technique  will  be  used  to  eval- 
uate  a  number  of  habit  forming  and  addictive  drugs.  Finally,  the  technique  will  be  de¬ 
veloped  to  detect  physiological  changes  resulting  from  nutritional  deficits  prior  to  the 
onset  of  clinical  symptoms. 

24.  (U)  Approach:  The  initial  phase  of  this  research  will  involve  refining  the  con¬ 
ditioning  technique  of  pairing  a  neutral  stimulus  with  a  drug.  The  second  phase  will 
involve  conditioning  and  evaluation  of  specific  drugs.  The  final  stage  will  involve 
conditioning  for  early  detection  of  nutritional  deficits. 

25.  (U)  Progress  (Mar  69  -  Jun  69):  Primary  activity  has  been  the  ordering  of  equip¬ 
ment  and  setting  up  the  laboratory.  Two  pilot  studies  have  been  completed,  using 
guinea  pigs,  to  assess  the  effectiveness  of  Demerol  as  an  unconditioned,  aversive 
stimulus  to  saccharin  consumption.  Equivocal  results  have  been  observed.  Other 
experiments  are  in  progress  to  test  the  species  and  drug  specificity  in  this  design  be¬ 
cause  albino  rats  have  shown  a  difference  in  saccharin  consumption  following 
Secobarbital  or  saline  injections. 
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ABSTRACT 


PROJECT  NO.  3A061101A91C  In-House  Laboratory  Independent 

■Research 

WORK  UNIT  NO.  056  Behavioral  Pharmacology  and 

Psychophysiology 

The  following  work  is  being  accomplished  under  this  work  units 

STUDY  NO.  It  Aversive  vs,  Appetitive  Conditioned 
Responses  to  Drugs  ih  Rats 

A  technique  for  the  evaluation  of  drug  or  nutritionally  indiced  body 
states  is  being  developed  for  rats  and  guinea  pigs.  The  first  part 
of  this  study  has  been  accomplished  by  studying  the  reactions  of 
guinea  pigs  to  meperidine  hydrochloride  (Demerol).  The  study  on 
rats  is  in  progress!  after  the  completion  of  this  half  of  the  study, 
the  data  obtained  from  the  rats  and  guinea  pigs  will  be  evaluated. 


BODY  OF  REPORT 


WORK  UNIT  NO.  056 
STUDY  NO.  I 


PROBLEM: 


Behavioral  Pharmacology  and 
Psychophysiology 

Aversive  vs.  Appetitive  Con¬ 
ditioned  Responses  to  Drugs 
in  Rats 


There  have  been  numerous  attempts  to  condition  drug  effects  to  neutral 
stimuli.  These  attempts  have  met  with  very  limited  success,  A  new 
technique  has  been  developed  which  appears  to  be  highly  successful  in 
pairing  a  neutral  stimulus  to  a  drug  effect.  Further,  it  appears  that 
the  subjects*  (Ss*)  reaction  to  the  neutral  stimulus  after  pairing  can 
be  used  as  an  index  of  their  aversion  or  attraction  to  the  active  drug. 

It  is,  therefore,  the  purpose  of  this  series  of  studies  to  further 
develop  this  evaluative  technique  and  apply  it  to  a  variety  of  nutritional 
and  drug-induced  states, 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


There  has  not  been  an  adequate  amount  of  data  analyzed  to  date  to 
warrant  a  full  report  of  results.  There  have  been  indications,  how¬ 
ever,  that  this  evaluative  technique  is  successful.  More  data  are 
needed  for  a  full  discussion  of  these  results. 

CONCLUSIONS: 

No  conclusions  can  be  reached  at  this  point  in  the  research, 

R  ECOMMENDA  TIONS: 

This  series  of  studies  should  be  continued  until  this  technique  can 
be  cither  fully  accepted  or  rejected  as  an  evaluative  tool.  If  it  is 
accepted  a  specific  protocol  will  be  established  to  use  the  technique 
to  study  nutritional  deficits  in  humans;. 

PUBLICATIONS: 


None 
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23.  (U)  Tech  Objective:  To  determine  the  effect(s)  of  related  avoidance  parameters, 
e.g.  .anticipatory  motor  response  frequency,  overtraining  trials,  etc.,  upon  acquisi¬ 
tion  and  retention  of  an  avoidance  response.  Such  information  will  serve  as  a  ussful 
basis  for  development  of  a  functional  model  of  avoidance  learning  and  retention.  To 
increase  understanding  of  avoidance  behavior. 

24.  (U)  Approach:  Experimental  manipulation  of  frequency  of  anticipatory  motor  res¬ 
ponses,  number  of  overtraining  trials,  and  length  of  the  intersession  delay  period  fol¬ 
lowing  original  avoidance  acquisition  and  a  post-test  measure  of  retention  is  being  uee< 
to  determine  incumbent  changes  in  the  retention  of  a  learned  avoidance  response.  A 
standard  commercial  shuttle  box  is  being  used  tor  purpose  of  avoidance  training.  Two 
measures  of  avoidance  retention  are  being  used:  1)  a  reacquisition  procedure  using 
the  shuttle  box  situation,  2)  a  mass -learning -transfer  procedure  using  a  straight-all*^ 
mass  situation, 

25.  (U)  Progrsss:  (Mar  69-Jun  69)  Establishment  of  a  2-3  year  program  of  research 
experiments,  as  well  as  completion  of  necessary  administrative  tasks  associated  with 
initiation  of  the  work  unit  has  been  accomplished.  A  series  of  experiments  to  assess 
the  effects  of  anticipatory-motor-responding,  overtraining,  and  leagth-of-intereeeeion' 
delay  upon  acquisition  and  retention  of  a  learned  avoidance  response  have  been  de¬ 
signed  and  planned.  The  pilot  studies  to  determine  procedures  for  controlling  the  leva 
of  anticipatory -motor -responding  have  been  delayed  due  to  hek  of  equipment.  Pur¬ 
chasing  of  the  equipment  is  presently  in  progress  and  should  be  completed  by  August 


EOtTl^M*  OT  Ywib  AIRE  «8ULtT«  TOHUI  3  46k A  ’  NC5V  AT 

a*io  Yabb-T  i  win  qa  Amav  ulkt 


ABSTRACT 


PROJECT  MO.  3A06U0IA91C  In-House  Laboratory  Independent 

Research 

WORK  UNIT  MO.  OS?  Parameters  Associated  with 

Lear  ied  Avoidanc  Responding 

The  following  i  lvostigation  is  being  conducted  under  this  work'  unit: 

STUDY  MO.  It  E.'focts  of  Pre-Avoidance  Shock,  Oxer- 
training,  and  Interscssion  Delay  Upon 
the  Frequency  of  an  Active  Avoidance 
Response  During  Reacquisition  in  Rats 

Training  an  organism  to  avoid  a  noxious  stimulus  can  be  accomplished 
through  the  use  of  a  laboratory  procedure  in  which  the  performance  of 
a  motor  response,  made  promptly  after  onset  of  a  warning  signal,  pre¬ 
vents  the  occurrence  of  the  noxious  stimulus.  The  avoidance  paradigm 
most  frequently  used  consists  of  an  initial  phase  for  original  training 
of  the  avoidance  response,  a  second  phase  for  control  of  forgetting, 
and  a  final  phase  for  assessing  reacquisition  of  the  avoidance  response. 

Primarily,  the  project  will  attempt  to  investigate  variables  associated 
with  learned  avoidance  behavior.  Variables  selected  for  study  include: 
frequency  of  anticipatory  motor  response,  amount  of  training  and  length 
of  intersession  delay  between  acquisition  and  reacquisition. 

At  present,  an  initial  protocol  for  the  work  unit  has  been  approved  and 
all  necessary  equipment  1ms  been  ordered.  No  results  have  yet  been 
obtained. 


BODY  OF  REPORT 


WORK  UNIT  NO.  057  Parameters  Associated  with  Learned 

Avoidance  Responding 

STUDY  NO.  1  Effects  of  Pre-Avoidance  Shock, 

Overtraining,  and  Intersession  Delay 
Upon  the  Frequency  of  an  Active 
Avoidance  Response  During  Reacqui¬ 
sition  in  Rats 

PROBLEM; 

Numerous  studies  have  attempted  to  assess  the  effect(s)  that  various 
avoidance- training  variables  have  on  avoidance  retention.  In  general, 
evidence  indicates  the  retention  of  an  avoidance  response  is  enhanced 
if  the  avoidance  response  is  similar  to  a  previously  acquired  response, 
if  either  few  or  many  avoidance  training  trials  are  administered,  and 
if  the  length  of  time  between  acquisition  and  subsequent  reacquisition 
test  of  avoidance  retention  is  short.  Few,  if  any,  attempts  have  been 
made  to  study  the  interaction  effects  of  avoidance  training  variables 
already  investigated.  Of  particular  importance  Is  the  determination 
of  the  optimal  parametric  levels  for  the  experimental  variables  associ¬ 
ated  with  avoidance  retention,  as  well  as  the  determination  of  the 
interaction  between  number  of  avoidance  training  trials  and  the  length 
of  the  irtersession,  acquisition- reacquisition  delay  period. 

RESULTS  AND  DISCUSSION; 

Pilot  studies  designed  to  establish  the  procedure  for  manipulating 
level  of  anticipatory- motor- responding  (i.  e.  ,  degree  of  similarity 
between  the  avoidance  response  and  a  previously  acquired  response) 
have  been  delayed  due  to  lack  of  equipment. 

CONCLUSIONS: 


None 

RECOMMENDA  TIONS: 

Continue  Ac  work  unit  until  determination  of  the  optimal  parametric 
levels  for  selected  ax’oidance  variables  can  be  made. 
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R&dution.  ( U )  Ensyme s ;  (U)  Lysozyme  ;(U)  Enzyme 
Inactivation;  (U)  Protein;  (U)  Enzyme  Assays;  (U)  Other  Enzymes;  (U)  Peptides _ 
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23.  (U)  Tech  Objective;  To  determine  the  mode  of  radiation  inactivation  of  lysozyme 
and  other  enzymes  and  to  develop  ultramicro  analytical  procedures  to  facilitate  this 
work.  Such  information  will  be  useful  in  better  understanding  radiation  damage  re¬ 
sulting  from  cancer  therapy,  nuclear  accidents,  or  military  situations.  To  increase 
the  efficiency  and  precision  of  enzyme  assays,  such  as  transketolase  assays  for  use 
in  assessing  thiamine  deficiencies. 

24.  iU)  Approach;  Various  chromatographic  means  are  being  used  to  separate  and 
characterize  peptides  from  lysozyme  radiation  products.  Automated  enzymic  assays 
are  being  developed  to  assess  radiation  damage  in  other  enzymes.  Chromatographic 
and  ultra-filtration  procedures  will  be  employed  to  separate  radiation  products  from 
other  irradiated  enzymes.  Cross-linking  of  peptide  chains  with  bifunctional  reagents 
is  being  explored  as  a  means  of  protecting  enzymic  activity  against  radiation. 

25.  (Ul  Progress  (Jul  68-Jun  69)  Ultramicro  amino  acid  analyses  on  columns  and 
thin  layer  chromatograms  have  been  perfected  to  a  useful  stage  for  characterizing 
radiation  damage.  Peptides  containing  altered  disulfide  bridges  have  been  isolated 
from  irradiated  lysozyme  and  are  being  further  purified  and  characterized.  Auto¬ 
mated  assays  for  trypsin,  lysozyme  and  ribonuclease  have  been  perfected  greatly 
facilitating  radiation  studies  of  these  proteins  and  of  cross-linked  derivatives  synthe¬ 
sized  therefrom.  Increased  stability  ha®  been  observed  in  several  of  these  cross- 
linked  derivatives. 
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PROJECT  NO.  3A061102B71P 


TASK  NO.  01 

WORK  UNIT  NO.  058 


Basic  Research  in  Support  of 
Military  Medicine 

Biochemistry 

Molecular  Biochemistry 


The  following  investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO.  1 
STUDY  NO.  2 
STUDY  NO.  3 
STUDY  NO.  4 
STUDY  NO.  5 

STUDY  NO.  6 

STUDY  NO.  7 


Radiation  effects  in  biologically  active  proteins. 

Radiation  effect  in  small  organic  molecules. 

Procedural  development  for  amino  acid  and  peptide  analyses. 

Procedural  development  for  enzymic  assays. 

Stabilization  of  protein  structures  towards  destruction  of 
biological  activity. 

Relationships  between  protein  conformation  and  biological 
activity. 

Enzymic  activities  during  thiamine  nutrition  states. 


1 .  Aggregation  has  been  shown  to  be  a  major  radiation-induced  change  in  ribo- 
nuclease,  trypsin  and  lysozyme.  Aggregates  can  be  formed  from  active  monomer 
molecules  and  activity  is  retained  in  the  aggregates  so  formed  from  both  lysozyme 
and  trypsin  in  the  presence  of  hydrogen  sulfide  gas. 

2.  New  disulfide  containing  peptides  have  been  isolated  from  an  inactive  insoluble 
lysozyme  aggregate  formed  during  irradiation  showing  that  disulfide  bond  rearrange¬ 
ment  does  occur. 


3.  Analytical  techniques  have  been  perfected  for  measuring  the  prockicts  and  ex¬ 
tent  of  product  formation  from  oxalic  acid  samples  under  the  influence  of  ionizing 
radiation. 


4.  Semi -automated  procedures  have  been  developed  to  obtain  satisfactory  and  re¬ 
producible  peptide  yields  from  hydrolysates  of  lysozyme  containing  large  cystine 
peptides.  Automated  amino  acid  analyses  at  the  level  of  0.001  micromole  are 
being  perfected  for  use  in  characterizing  small  amounts  of  peptides. 
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5.  Sensitive  monnl  procedures  hove  been  adapted  and  are  in  use  in  deter¬ 
mining  N-  ond  C-termini  in  0.001  micromole  quantities  of  peptides.  These 
procedures  involve  identification  of  donsyl  amino  acid  derivatives  from  either 
dansylated  peptides  (N-terminus)  or  from  corboxypeptidase-treoted  peptides 
(C -terminus). 

6.  Completely  automated  method;  have  been  devised  for  lysozyme  and  four 
proteases  which  catalyzed  hydrolysis  of  peptide  bonds  at  pH  7.1.  These  methods 
mode  possible  extensive  studies  of  radiation  stability  in  lysozyme  and  trypsin 
derivatives. 

7.  Ribonuclease,  trypsin  and  lysozyme  have  each  been  cross-linked  with  several 
bifunctional  reagents.  Retention  of  native  activity  is  good  and,  frequently, 
increased  stability  is  noted  towards  heat  or  radiation.  This  technique  is  being 
explored  in  detail  as  the  basis  for  a  general  radio-protective  measure. 

8.  Proteolysis  rates  have  been  used  to  detect  configurational  changes  occurring 
during  radiation.  A  previously  undetectable  configurational  change  has  been 
noted  in  a  radiation  product  having  an  activity,  amino  acid  composition  and 
chromatographic  behavior  identical  with  that  of  native  lysozyme. 

9.  Modifications  have  been  proposed  to  improve  the  reliobility  of  tronslcetolase 
assays  an  on  indicator  of  thiamine  nutrition  states. 
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BODY  of  *epo*t 


WORK  UNIT  NO.  058 
STUDY  NO.  1 

PROBLEM: 


Moleculor  Biochemistry 

Rodiotion  Effects  in  Biologicolly 
Active  Proteins 


The  immediote  objectives  of  this  study  ore  to  purify  ond  chemically  characterize 
radiotion  products  from  trypsin,  ribonucleose,  lysozyme  and  soybean  trypsin 
inhibitoi .  The  ultimate  goals  ore  to  thus  determine  the  modes  of  radiation 
inactivotion  in  these  ond  other  enzyme  proteins. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


Soluble  ond  insoluble  aggregates  have  been  observed  to  be  the  principal  inactive 
products  formed  upon  irradioting  crystalline  lysozyme,  trypsin  and  ribonucleose 
in  vacuo.  Soluble  aggregates  hove  been  cleanly  separated  from  octive  monomer 
moteriels  by  gel  filtration  on  P-100  columns.  This  separation  also  permits  quan¬ 
titation  of  aggregate  formation.  Such  products  are  formed  in  increased  omounts 
os  o  function  of  radiotion  dose  indicating  that  aggregates  ore  true  radiotion 
products  from  these  proteins. 

The  presence  of  H2S  during  irradiation  decreases  aggregate  yield  from  ribo- 
nuclease  but  at  least  doubles  aggregate  yield  from  lysozyme  and  trypsin.  In 
the  case  of  the  latter  two  enzymes  soluble  aggregates  produced  in  the  presence 
of  HjS  retain  significant  octivity  levels.  These  results  indicate  the  free  radical 
scavenger,  HjS,  promotes  oggregote  formation  from  octive  monomers  in  which 
free  radicals  nave  been  produced  by  irradiotion. 

Studies  hove  continued  on  characterization  of  the  insoluble  inactive  aggregate 
formed  from  lysozyme  during  irradiotion.  Previous  studies  in  this  Laboratory 
indicated  the  probability  of  disulfide  bond  rearrangement  os  a  major  mode  of 
radiotion  damage.  Accordingly,  attention  has  been  given  to  choracteri zotion 
of  disulfide  containing  peptides  from  partial  enzymic  hydrolysates  of  the  inactive 
insoluble  lysozyme  aggregate.  An  immediote  difficulty  was  encountered  in 
obtaining  a  reproducible  set  of  hydrolysis  peptides  from  the  rodiotion  products 
ond  from  native  lysozyme  itself.  This  problem  has  been  partiolly  resolved  by 
employing  a  prolonged  digestion  period  of  2  days  ond  o  combination  of  pepsin 
ond  olpha-chymotrypsin  os  the  proteolytic  agents.  The  remaining  variability 
appears  to  be  due  to  twa  recognizable  factors:  (1)  voriotions  in  the  specificity 
ond  octivity  of  available  chymotrypsin  preparations  ond  (2)  voriotions  in 
chromatographic  behavior  of  commercial  phosphocellulose  preparations  used 


SI 
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in  targe  scale  column  separations  of  hydrolysate  peptides.  Both  sources  of 
variation  are  now  minimized  by  purchasing  large  quantities  of  the  affected 
materials. 

Hydrolysate  peptides  have  been  resolved  into  single  entities  and  groups  of 
2  to  5  peptides  on  preparative  phosphorylate  cellulose  columns.  The  peptide 
fractions  therefrom  hove  been  characterized  in  terms  of  size  (Number  of  omino 
acids  present),  arginine  content,  disulfide  content  and  amide  content.  At 
least  two  hydrolysote  peptides  from  the  inoctive  insoluble  lysozyme  aggregate 
contain  disulfide  bonds  and  are  not  found  in  hydrolysotes  of  native  lysozyme. 
This  indicates  the  probability  of  ot  least  two  disulfide  bonds  hoving  been  re¬ 
arranged  from  their  positions  in  native  lysozyme.  However,  there  still  remains 
the  possibility  of  further  disulfide  bond  rearrangements  as  well  as  other  chemical 
changes  which  may  be  responsible  for  loss  of  enzymic  activity. 

CONCLUSIONS: 

Aggregation  is  o  major  radiation  chonge  in  ribonucleose,  lysozyme  and  trypsin. 
The  extent  of  oggregotion  is  affected  by  the  presence  of  o  goseous  free  radical 
scavenger,  H^S.  Aggregates  can  be  formed  from  active  monomer  molecules 
and  these  molecolor  units  retain  some  activity  in  the  aggregates  formed  from 
both  lysozyme  and  trypsin. 

New  disulfide  containing  peptides  hove  been  isolated  showing  thot  disulfide 
bond  rearrangement  does  occur. 

RECOMMENDATIONS: 

Current  chromatographic  techniques  shouldbe  utilized  in  studies  of  possible 
disulfide  bond  rearrangement  in  rodiotion-produced  aggregates  from  trypsin 
ond  ribonucleose.  Because  of  well-known  differences  in  omino  acid  sequence 
and  chain  conformation  these  enzymes  must  be  studied  in  terms  of  optimum 
proteolysis  conditions  to  obtain  reproducible  high  yields  of  constituent  peptides. 
The  role  and  mode  of  oggregotion  in  other  proteins  needs  to  be  assessed.  In 
particular,  soybeon  trypsin  inhibitor  and  sperm  whole  myoglobin  will  be  studied. 
The  latter  protein  is  of  interest  because  it  contains  no  cystine  residues  and  thus 
would  not  be  expected  to  form  oggregotes  by  rearrangement  of  disulfide  bridges. 

PUBLICATIONS: 


Stevens,  C.O.,  Long,  J.L.,  and  Upjohn,  D.R.  Rodiotion  produced  oggregotion 
in  crystalline  preparations  of  ribonucleose,  lysozyme  and  trypsin.  Proc.  Soc. 
Exp.  Biol.  Med,  (in  press). 
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STUDY  NO-  2 

PROBLEM: 


Radiation  Effects  in  Smoll 
Organic  Molecules 


The  current  objective  in  this  area  is  to  determine  the  extent  and  the  products 
of  radiotion-induced  decorboxy lotion  in  smoll  model  compounds  such  as  oxalic 
acid,  aspartic  acid  and  glutamic  ocid.  Results  of  these  studies  mo-/  be  useful 
in  predicting  the  importance  cr  decarboxylation  roocKom  during  radiotion 
inoctivotion  of  proteins. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


This  is  a  colloborative  study  vntb  a  professor  and  one  graduate  student  at  the 
Un:veiaity  of  Denver.  It  hos  been  in  progress  for  only  6  months  so  that  only 
preliminary  results  are  available  at  this  time. 

Approximately  400  samples  of  oxolic  acid  and  salts  of  oxalic  acid  have  been 
irradiated  in  the  cobalr-60  source.  Gas  chromo*ogroghy  hos  been  found  to  be 
the  most  useful  technique  in  separating  and  quantitating  the  radiation  products 
from  o  ral i c  acid  somples.  The  analytical  technique  perfected  requires  about 
2  hours  of  operator  time  per  sample.  Completion  of  sample  onolyses  is  expected 
to  provide  a  basis  for  postulating  mechanisms  for  radiotion  decorboxylation  of 
oxalic  ocid. 

CONCLUSIONS: 


Preliminary  studies  hove  been  in  progress  6  months  on  an  investigation  of 
radiation-induced  decorboxylation  of  oxalic  ocid.  Analytical  techniques  hove 
been  perfected. 

RECOMMENDATIONS: 


Continuation  of  present  studies  should  be  fruitful  in  the  next  fiscal  year. 
PUBLICATIONS: 


None 
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Sf'UOV  NO.  a 


PR08LHM: 


The  prim  or/  pools  here  cue:  •  1 }.  tt>  devise  more  reproducible  Orocadorx  fbr 
psptide  jepomtion  onb  detection  and  v2)  to  devise  more  sensitive  procedures 


for  determining  amino-  acid  composition  and  amino  acid  end-groups  in  proteins 
and  peptides.  The  small  amounts  of  pepti des  available  hom  rud‘otron  studios 
is  frequently  so  minute  Hiof  omino  ocidonolyses  should  hove  to  be  conducted 
ot  Hie  10  ®  rnolo  level.  Limited  ovoilobiKty  of  onolytieot  support  in  rhisoreo 
dictotes  procedural  automation  when  possible. 


RESULTS  AMO  &SCU5S40N  Of  THE  RESULTS: 


The  outbmoted  peptide  analyzer  system  produced  bit  Techriicon  has  been  mo-JJded 
to  achieve  separation  of  cystine  containing  peptides  in  sutistbctory  yields  tVom 
proteolytic  hydrolysates  of  lysozyme.  A  ma^ar  modlHoation  is  die  use  at  phas- 
phoryloted  cellulose  columns  and  elution  of  these  columns  vWth  sodium  acetate 
buffers  at  pH  values  no  higher  then  5.-S.  Large  peptides,-  parti colorly>  are  not 
bound  as  tightly  ttv  such  columns  as  they  are  Id  Hie  polystyrene  based-  ion- 
exchortge  resins  normally  employed-.-  Thus,,  a  source  of  lb*  peptide  rocavery 
has  been  removed-.  Limitations  have  been  placed  an  the  pH  a"  Hie  eluting  buffers 
since  disulfide  bonds  in  mixtures  of  large  cystine  can  raining  peptides  have  been 
observed- td  rearrange  spontaneously  at  pH  values  above  ?.-£  Id  give  rise  td  new 
artifaclual  sets  of  peptides.  A  margin  of  safety  is  allowed-by  not  operating  in 
the  pff  region  5.5  td  7. 5. 

The  Technicon  peptide  system  has  been  further  modi  Ted  by  perfbrming-  Hie 
automated  ninhydtln  color  reaction  on  effluent  fractions  fhami  columns  rattier 
fhon  os  o  continuous  How  measurement  on  Hie  effluent  stream.-  Ouring  alkaline 
hydrolysis  in  the  analytical  thoin  ammonia-  is  produced  ham  rfiost  peptides  con¬ 
taining  amide  groups.  This  gas  production  has  been  observed  td  affttcr  adversely 
Hie  correlation  in  tfme  between  Hie  hydro! yzed ond-  an hydtalyzed anolyfi col 
streams  os  they  are  printedout  on  the  recorder.-  This  hos  probably  ieod;  td 
erroneous  interpretations  of  db’d'l.i  the  post.  The  «ime  cave  lotion  fe-tdr  is- 
brought  under  cerfbn  control  ay  the  fraction  collection  and  analysis  technique. 


The  automated  peptide  System  as  modified-  nos  permitted  reliable  detection  and 
size  estimation  in  fiydtoi /sates  containing  large  cystine  peptides.  The  system 
has  already  been  pot  ho  ase  in  assessing  rodiotion  damoge  in  iysozyme.- 
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•fprHiet  ifrfiturfltertl  yt  tto  artalyticp!  pryctoute  tot  wn t iiii.-  add  ii  py-tbito. 
ismrplr  ^cale  cun  be  reduced  by  anyttot  toctyi  yf  ID  by  reducing  cc-lynin 
diamerto'  imfi,  actyrdirtgly,  'irtcteobrig  buHet  flaw  ryte.  Tto  riuwt.wa'y  nito- 
Hiisttiyu.  jit*  in  prygreac.. 

IT to  .gyater n>  tot  |»«ptidfc  detection  and  sizing  need,  to  in:  applied  to  ytto<  prytem 
Aystans. .  iiuoe  t»pb  prytein  yield  a  different  arid  unique  set  yl  peptide*  upon 
pti.itei.lyiU  e.a C I >  prytein  ptesenti  v  t»ewptiiilytiiyl  problem.  Alienation  yt  -Hie 
*lot'Otibvftoi  »yj ten  njyy  ayfiict  ia  tasalve  peptide  Tui>ton&  ytliyt  than  tto-t 
» rising  trym  lysozyme- 

iLi-kyMMse*  :H  setms.  deb  mb  It  to  apply  tite  mtotod  and  er.pet  ienct  achieved  tot 
!fd-  and  C-rtormini  >derrt if  dpt ions  i-rt  lysoxyr..-..  peptide.  to  peptides  isolated  Iran 
■bydtylyswtes  yf  yfto>  piyteirp.  altered  by  radiation. 

IPi®bOJ:l£NdS.: 


Utone 


STUDY  Id'.'.  4 


iProoedem'  Development  toi 
bnzynto  Assays 


This  vesto  tut  peer!  dneotto  to  were.  -flit  automation  o'  etosti ng  niciuc I  pmo-toves 
tot  ettz-yrtiir  activity  assays  in  Coses  yf  enzyme.  being  subjected  to  radiation  yt 
prtliei  inactivating  stresses.  5ocb  automated  away;  woo  id  permit  exominyt  ion  pi 
iradiatiyn  effects  tot  a  latgei  numbc-  erf  biological  ly  active  proteins  and  perhaps 
rrttyrt  if'tpprtatit,  undai  a  Wide'  ttynlbe!  yf  experimental  conditions  titan  are  now 

jps&stb  If. 


yjiyUbTa  Aldp  UlbCPbbiDto  QT  Ttog  3ESWJS: 

A  completely  automated  procedure  to.  been  dev i>ed  tot  the  assay  yl  tryptic 
activity.  Cs&em  Is  tto  substrate  employed.  Tryptic  catalyzed  hydrolysis 


M 6rai.hemis*ty  iCs!!*'  d 

t J f  pepl'de  buni  is  fo'lowefl  t>)  n>eojuTing  the  increase  in  color  observed 
upon  reaction  with  runhydr  in.  T echnicon  modules  wert  emp’oyed  far  Kinipbng, 
of  reactants,  development:  of  runny  dun  colo*  and  nio-.itoring  and 
recording  the  ninnydrin  colo'  drange..  It  was  nscessory  to  empioy  a  Lauda 
constant  temperature  bath  t o  achieve  the  precise  regulation  pf  temperature 
{37°C.  ±  0.D1CC.)  desired  during  incubation  of  the  enzyme  sample  with 
substrate.  Current  capability  at  the  method  is  15  samples  per  hour.  Results 
ore  reproducible  within  2%  a*  a  level  of  1  yug'ml.  native  trypsin.  Without 
use  of  this  method  studies  of  tire  racioticri  stabilities  o'  a  numbei  of  trypsin 
fkri  Natives  v/puild  not  liove  been  possible.  Iri  several  preliminary  studies  the 
method  nos  been  used  with  little  or  no  olteiotion  to  measure  the  peptidase 
activities  of  olpho-chymotryp.in,  pionase  and  subtilisin. 

A  completely  automated  method  has  olso  been  devised  foi  assaying  lytic  activity 
of  lysozyme.  The  substrate  used  is  not  completely  soluble  being  o  suspension  of 
lyophilixed  Micrococcus  lysadeiktieus  cells.  This  necessitates  maintenance  of 
the  substrate  so  T5f  ion  in  an  ice  bath  and  continuous  stirring  to  assure  constancy 
of  substrate  concentration.  The  decrease  in  turbidity  of  the  cell  suspension 
caused  by  lysozyme  samples  is  monitored  in  a  1  echnicon  colorimeter-recorder 
combination  at  570  njp.  A  Lauda  constant  temperature  bath  was  required 
for  the  desired  precision  in  temperature  regulation  during  substrate  digestion. 
Current  method  capability  is  15  samples  per  hour.  Results  are  reproducible 
within  3%  o*  a  level  of  2 ^jg/fnl  native  lysozyme.  Again,  this  automated 
•method  made  possible  studies  of  the  radiation  stability  curves  for  various  cross- 
linked  lysoxyme  derivatives. 

Attempts  are  being  made  to  automate  ribonuclease  assays.  However,  the 
accepted  manual  method,  require  o  precipitation  step  to  remote  undigested 
•nucleic  acid  oftei  incubation  with  the  enzyme  somp'e.  Replacement  of  this 
ot«ci citation  steo  with  dialysis  has  not  vet  resulted  in  a  method  with  the 
desired  sensitivity  oi  reproducibility. 

CONCLUSIONS: 

Automated  assay  methods  have  been  devised  for  lysozyme  and  four  proteases 
which  catalyze  peptide  hydrolysis  at  pH  7.1 .  These  methods  have  adequate 
iensitivity  and  reproducibility  and  hove  made  possible  extensive  studies  of 
radiation  stability  In  lysozyme  and  trypsin  derivatives. 

RECOMMENDATIONS: 

Automated  assay  methods  are  desired  tor  two  additional  proteoses,  pepsin 
and  papain.  Also,  an  automated  assay  procedure  for  soybean  trypsin  inhibitor 
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would  facilitate  radiation  work  on  this  material.  Such  automated  assays  should 
be  possible  by  relatively  modest  modification  of  the  existing  method  for  trypsin. 

A  refinement  of  the  automated  lysozyme  assay  would  be  possible  by  using  a 
soluble  substrate  such  as  glycol  chi  tin.  The  method  would  then  be  on  a  more 
sound  theoretical  basis  since  the  lyJs  of  this  substrate  by  lysozyme  more  nearly 
follows  classic  Michaelis-Menten  kinetics. 

PUBLICATIONS: 

Stevens,  C.O.  An  automated  procedure  for  the  measurement  of  lysozyme 
activity.  A  manuscript  in  preparation. 

STUDY  NO.  5  Stabilization  of  Protein  Structures 

Towards  Destruction  of  Biological 
Activity 

PROBLEM: 


The  principal  aim  is  to  develop  a  treatment  of  biologically  active  proteins  to 
promote  increased  stability  in  these  compounds  towards  radiation  damage  or 
other  stresses.  Emphasis  here  is  being  placed  upon  devising  an  approach  that 
may  be  more  generally  applicable  to  the  broad  classes  of  enzymes  that  occur 
in  cells  rather  than  an  approach  specifically  applicable  to  such  things  as  enzymes 
containing  an  essential  sulfydryl  group. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Since  the  existing  disulfide  bridges  in  most  proteins  are  known  to  be  dominant 
stabilizing  factors,  it  seemed  profitable  to  explore  the  possibility  of  introducing 
additional  co~valent  cross-links  between  amino  acid  residues  in  the  native  structure. 
If  this  can  be  done  without  adversely  affecting  enzymic  activity  than  such 
links  could  be  expected  to  confer  increased  stability  towards  possible  modes  of 
radiation  damage  such  as  chain  fragmentation  or  disulfide  bond  interchange. 

To  this  end  we  have  chosen  the  direct  approach  of  using  bifunctional  reagents 
which  react  with  the  epsilon-amino  groups  of  lysyl  side  chains.  Since  the 
distance  between  the  lysyl  side  cha'os  in  the  protein  molecule  is  c  governing 
but  unknown  factor,  it  has  been  necessary  to  test  at  least  several  reagents 
having  functional  groups  separated  by  vorying  distances.  Three  reagents  have 
been  used  extensively  and  are  listed  with  pertinent  descriptive  data  below: 
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Functional 

Distance  Between 

Abbreviation 

Name 

Groups 

Functional  Groups 

in  angstroms 

PSC 

Phenol  -2, 4-disu  1  fony  1 

2  (-C-SOXI) 

9.6 

chloride 

4 

FDP 

1 , 5-Di  fluoro-2, 4- 
dinitrobenzene 

2  (-C-F) 

7.2 

FNPS 

p,  p'  -Difluoro-m,  m'  - 
dinitro-di  phenyl -sulfone 

2  (-C-F) 

13.0 

The  distance  between  functional  groupings  has  been  estimated  by  construction 
of  space-filling  molecular  models.  FOP  and  FNPS  are  available  from  commercial 
sources  but  PSC  must  be  synthesized  and  purified  in  this  laboratory  prior  to  use. 

Cross-linked  derivatives  of  lysozyme  have  been  prepared  with  all  3  reagents. 
Products  retain  varying  amounts  of  activity  and  need  to  be  purified  further  since 
they  are  probably  mixtures  of  molecules  having  cross-links  at  different  places 
in  the  molecule.  The  best  retention  of  native  activity  has  been  observed  upon 
cross-linking  lysozyme  with  PSC.  The  cross-links  so  introduced  increase 
stability  to  heat  but  exert  no  effect  on  radiation  stability.  Cross-linking  with 
FNPS  does  increase  radiation  stability  significantly  but  cross-linking  itself 
results  in  about  a  60%  loss  of  native  activity. 

Results  obtained  upon  cross-linking  ribonuclease  have  been  more  notable. 

Ninety  per  cent  of  native  activity  is  retained  during  cross-linking  with  PSC 
or  FDP  and  both  types  of  cross-links  result  in  increased  stability  towards 
radiation.  Increased  stability  is  more  pronounced  at  high  dose  levels.  Cross- 
linking  with  PSC  also  confers  increased  heat  stability  on  ribonuclease.  The 
use  of  FNPS  as  a  cross-linking  agent  results  in  about  60%  loss  of  native 
ribonuclease  activity.  However,  the  cross-linked  derivatives  lose  activity 
at  only  about  half  the  rate  as  does  native  ribonuclease  when  subjected  to 
radiation. 

Trypsin  has  been  cross-linked  with  PSC  and  the  product  retains  55%  oc  the 
native  activity.  This  derivative  requires  a  40%  larger  radiation  dose  to  achieve 
the  same  inactivation  seen  in  native  trypsin  by  a  given  dose.  Cross-linking 
of  trypsin  has  also  been  accomplished  with  FNPS  •  Again,  retention  of  native 
activity  after  cross-linking  is  poor  but  what  little  activity  remains  is  destroyed 
at  about  half  the  rate  as  in  native  trypsin  as  a  function  of  radiation  dose. 
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Soybean  trypsin  inhibitor  has  been  cross-linked  with  all  three  reagents.  A 
detailed  study  af  radiation  stability  has  not  yet  Been  performed.  An  adequate 
rapid  assay  far  this  protein  is  under  development. 

CONCLUSIONS: 


It  is  clearly  feasible  to  crass-link  enzyme  proteins  and  stili  retain  enzymic 
activity.  The  activities  of  some  of  these  cross-linked  derivatives  are 
markedly  more  stable  towards  heat  or  ionizing  radiation.  This  appr  jch  is, 
therefore,  a  promising  technique  for  improving  stability  of  enzyme  proteins 
towards  denaturing  stresses  such  as  radiation  or  heat. 

RECOMMENDATIONS: 

The  cross-linked  derivatives  af  the  4  native  proteins  already  prepared  are 
available  for  purification  and  characterization.  In  particular  it  would  be  most 
desirable  fa  know  at  least  how  many  cross-links  have  been  introduced  into 
purified  derivatives.  Amina  acid  analyses  are  in  progress  ta  answer  this 
question.  Hopefully  the  position  of  the  crass-links  can  also  be  determined 
but  this  is  a  long  term  goal. 

Ta  prove  the  utility  and  the  general  application  of  this  protective  technique 
towards  radiation  damage,  these  studies  should  be  extended  to  other  enzyme 
proteins.  Pepsin,  papain  and  sperm  whale  myoglobin  are  good  candidates. 

It  is  anticipated  that  such  studies  can  be  performed  with  the  technical  assistance 
of  undergraduate  and  graduate  students  from  the  University  of  Denver  in  a 
cooperative  progiam  now  being  established. 

Further  attention  needs  to  be  given  to  the  use  af  bifunctianal  cross-1  inking 
reagents  other  than  the  three  under  current  study.  These  three  each  contain 
an  aromatic  ring.  A  reagent  containing  an  aliphatic  chain  between  the 
two  functional  groups  might  be  more  easily  tolerated  by  both  the  enzymes  and 
as  a  drug  in  therapy  -  the  ultimate  potential  application  af  these  reagents. 

PUBLICATIONS: 

1.  Stevens,  C.O.,  and  Long,  .J .  L. ,  M^'-Difluoro-S^'-dinitrophenylsulfone 
as  a  cross-linking  reagent  far  lysozyme",  Proc.  Soc.  Exp.  Biol.  Med.  ,  in  press. 

2.  Stevens,  C.O.,  and  Sauberlich,  H.E.,  "Cross-Linking  agents  and 
stabilization  af  lysozyme  structure  towards  radiation".  Fed.  Proc.  28,  899  (1969). 
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3.  Stevens,  C.O.,  Long,  J.L.,  and  Sauberlich,  H.E.,  "Effects  of  peptide 
chain  cross-  linking  on  enzymic  activity".  Proceedings  of  the  Southwestern 
Regional  Meeting  of  the  American  Association  for  the  Advancement  of  Science, 
Colorado  Springs,  Colorado,  May,  1969  (Abstract). 


STUDY  NO.  6  Relationships  between  Protein 

Conformation  and  Biological 
Activity 

PROBLEM: 


This  stud/  is  directed  towards  delineation  af  the  3-dimensional  structure  of 
proteins  with  particular  attention  to  those  structural  aspects  essential  to  biological 
activity.  Ionizing  radiation  along  with  other  denaturing  agents  are  regarded 
here  as  experimental  tools. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Most  proteins  in  the  native  state  are  attacked  slowly  and  anly  to  a  very  limited 
extent  by  proteolytic  enzymes.  If  the  disulfide  bonds  in  these  proteins  are 
cleaved  to  give  an  extended  chain  configuration  proteolysis  occurs  rapidly. 
Denaturing  agents  such  as  heat  have  intermediate  effects  on  digestion  rates. 

By  studying  proteolysis  rates  we  have  been  able  to  make  estimates  of  the 
fraction  of  peptide  bonds  exposed  to  the  environment  upon  subjecting  an 
enzyme  molecule  to  a  denaturing  treatment. 

The  number  of  peptide  bonds  exposed  to  the  environment  and  therefore 
accessible  to  cleavage  by  trypsin  or  pronase  can  be  measured  by  following  the 
resulting  increase  in  amino  groups  reactive  with  ninhydrin.  The  formation  of 
peptides  soluble  in  trichloroacetic  acid  has  also  been  followed  during 
proteolysis  studies.  Alterations  in  conformation  have  been  detectable  in  six 
radiation  products  formed  from  lysozyme.  Among  the  six  was  one  product 
having  almost  the  same  enzymic  activity  as  native  lysozyme  and  exhibiting 
chromatographic  behavior  identical  with  that  of  lysozyme.  It  has  been  observed 
that  a  change  in  the  rate  of  peptide  bond  cleavage  is  not  always  accompanied 
by  a  change  in  the  rate  of  proteolytic  release  of  trichloroacetic  acid  soluble 
peptides.  The  use  of  trypsin  as  the  protease  most  consistently  reveals  differences 
between  proteins  being  compared. 
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CONCLUSIONS: 


Proteolysis  rote  studies  have  been  useful  in  detecting  configurational  changes 
occurring  during  irradiation.  A  suspected  but  previously  unproven  configurational 
change  has  been  detected  in  a  radiation  prodjct  formed  from  iysozyme.  This 
product  has  the  same  activity,  amino  acid  content  and  chromatographic  behavior 
a.  native  lysozyme. 

RECOMMENDATIONS: 

Results  of  proteolysis  rate  studies  need  to  be  supplemented  with  measurements 
of  side  chain  reactivities  with  reagents  such  as  hydroxynitrobenzyl  bromide 
for  rryptophyl  side  chains  and  tetranitromethane  for  tyrosyl  side  chains.  As 
peptide  bond;  are  exposed  to  the  environment  these  side  choinr  may  also  be 
exposed  but  probably  at  a  different  rate.  Exposure  of  tryptopl  /I  side  chains 
to  the  environment  usually  results  in  disruption  of  the  active  sire  in  lysozyme. 
Differences  in  rates  of  proteolysis  and  rates  of  exposure  of  tryp  ohyl  side 
chains  as  a  function  of  heat  or  radiation  dose  could  be  used  to  calculate  the 
extent  of  unfolding  permissible  without  loss  of  activity. 

It  will  also  be  of  interest  to  assess  conformational  change;  in  cross-linked 
enzyme  preparations  being  synthesized  in  another  stud/.  Such  preparations 
have  been  found  to  be  more  stable  than  native  forms  towards  denaturing  agents. 

If  conformotionci  changes  in  cross-linked  derivatives  also  occur  to  a  lesser 
degree  than  in  native  enzyme  such  information  would  provide  a  clearer  insight 
into  the  degree  of  dependence  of  activity  on  conformational  structure. 

PUBLICATIONS; 

Stevens,  C.O.,  and  Sauberiich,  H.E.,  "Proteolytic  digestion  rates  for 
products  from  gamma-irradiated  enzymes",  submitted  to  Radiation  Research  for 
publication. 


STUDY  NO.  7 

PROBLEM: 


Enzymic  Activities  During 
Thiamine  Nutrition  States 


The  aim  here  is  to  devise  and  evaluate  an  assay  procedure  which  measures 
erythrocyte  transketolase  activity  alone.  The  presently  used  assay  procedure 
actually  measures  the  net  action  of  three  enzymes:  pentose  isomerase,  pentose 
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epiroerase  ond  transketolase.  The  unproven  assumption  is  mode  thot  transketolase 
is  the  rote-limiting  reaction. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

The  addition  of  substrate  amounts  of  xylulose-5-plsosphote  to  the  transketolase 
assay  system  would  be  the  most  direct  solution  to  the  problem  as  stated  above. 
However,  the  cost  of  this  material  has  been  determined  to  be  prohibitive 
particularly  for  widespread  clinical  use  of  the  procedure. 

An  extensive  literature  search  reveals  that  it  is  time-consuming  but  feasible 
to  prepare  a  concentrated  solution  of  pentose  isomerase  ond  pentose  epimerase. 
This  preparation  can  then  be  added  to  the  incubation  mixture  to  be  certain 
that  non-rate-limiting  quantities  of  these  two  enzymes  are  present  during  the 
assay  incubation  period.  This  second  approach  is  probably  the  only  practical 
solution  to  the  problem  at  present. 

CONCLUSIONS: 

Concentrated  pentose  isomerase  and  pentose  epimerase  preparations  can  be 
used  to  improve  the  reliability  of  transketolase  assays  as  an  indicator  of 
thiamine  nutrition  states. 

RECOMMENDATIONS: 

The  proposed  modifications  of  the  presently  used  transketolase  procedure 
should  be  tested  experimentally  as  technical  assistance  permits. 

PUBLICATIONS: 

None. 
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23.  (L)  Tech.  Objective:  a)The  effect  of  various  carbohydrate  diets  on  plasma  trig  y- 
cerides  will  be  studied  in  normal  men,  patients  with  hypertriglyceridemia  and  exper¬ 
imental  animals.  b)The  bile  steroid  pathway  of  animals  and  patients  with  hepatic  di¬ 
sease  will  be  investigated.  The  effect  of  various  factors  will  be  studied,  c)Hypoglv- 
cemic  states  will  be  investigated.  Plasma  insulin  and  growth  hormone  will  be  studied, 

24.  (U)  Approach:  a)Normal  subjects  will  be  placed  on  varying  saccharide  diets  and 
the  response  of  plasma  triglycerides  will  be  studied.  Lipoproteins  will  be  measured 
and  the  effect  of  various  drugs  including  clofibrate  will  be  investigated.  Patients  with 
hypertriglyceridemia  will  be  studied  with  regard  to  the  mechanism  of  the  hypertrigly¬ 
ceridemia.  Rats  will  be  fed  fructose  diets  to  induce  hypertriglyceridemia,  blVarious 
bile  steroids  will  be  synthesized  and  the  enzymes  metabolizing  them  will  be  studied  m 
rats,  c)Patientc  with  reactive  hypoglycemia  will  be  studied  on  a  variety  of  dietary  re¬ 
gimens  and  the  response  of  insulin  and  growth  hormone  to  a  variety  of  test  substances 
will  be  studied. 

25.  fU)Progress:  a)Normal  subjects  fed  high  carbohydrate  diets  have  hypertrigly¬ 
ceridemia.  Clo  ibrate  has  little  effect  on  this  dietary  hypertriglyceridemia  Rats 
maintained  on  a  high  fruc  tose  diet  developed  a  persiste  it  hypertriglyi  eridemia,  b> 

We  are  close  to  svnthesizing  certain  bile  steroid  intermediates  necessary  for  enzyme 
studies.  clThere  is  a  suggestion  that  some  patients  with  hypoglycemia  have  a  gastro¬ 
intestinal  actor  which  limits  their  dietary  intake  and  aggravates  the  hypoglycemia. 
Thus,  we  wi"  s’udv  jeju  ;at  metabolism  in  Ipmogl vcemia. 
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of  Military  Medicine 

01  Biochemistry 

050  Basic  Studies  in  Lipids 


The  following  investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO.  1 : 


To  determine  the  effect  of  varying  carbohydrate 
diets  cm  serum  lipids  in  normal  men. 


STUDY  NO.  2: 


To  determine  the  effect  of  varying  carbohydrate 
diets  on  serum  lipids  in  rats. 


STUDY  NO.  5:  To  determine  the  mechanisms  whereby  disorders 

of  carbohydrate- induced  hypertriglyceridemia  occur. 

STUDY  NO.  4:  To  determine  the  factors  which  regulate  Mood 
glucose  in  normal  individuals  and  patients  with 
abnormalities  of  blood  glucose  regulation. 


STUDY  NO.  5: 


To  prepare  bile  steroid  intermeeftates  by  chemical 
synthesis. 


Abstract.  Human  liver  was  obtained  from  patients  undergoing  choice 
cystectomy  and  the  capacity  to  metabolize  fructose  and  glucose  was 
determined.  Informed  consent  was  obtained  from  each  of  the  patients 
from  whom  liver  was  obtained.  The  capacity  of  human  liver  for  the 
glycolysis  of  fructose  was  greater  than  that  for  glucose,  fructose 
was  metabolized  to  fatty  acids,  carbon  dioxide  and  glyceride- glycerol 
at  a  greater  rate  than  glucose.  The  conversion  of  glucose  to  fatty 
acids  was  dependent  on  the  medium  glucose  concentration.  These 
results  are  similar  to-  those  previously  obtained  for  the  rat. 


3n  normal  men  fed  sucrose  serum  triglycerides  increased.  There  is 
a  variable  pattern  of  response  in  that  some  individuals  increase  serum 
triglycerides  early  whereas,  in  others,  the  peak  of  triglycerides  occurs 
later.  If  body  weight  is  kept  constant  hypertriglyceridemia  occurs.- 
In  one  individual  where  body  weight  declined  hypertriglyceridemia 
did  not  occur  with  a  high  sucrose  diet.  Clofibr  ate  treatment  dbring 
dietary- induced  hypertriglyceridemia  generally  had  no  effect.- 
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The  atlm.ihisfration  of  clofibrate.  2  grams  per  day.  fo  normal  mates 
decreased:  the  activity  of  jejunai  glueokmase.  glim: ose- ft- phosphate 
dehydrogenase,  fruofoftinase  and  Iraefose- 1L  phosphate  and  fructose- 1;. 

6“ diphosphate  a  ldblases.-  "Phi's  effect  is  specific  since  ft- puctepnoglUeouic 
acid  dehydrogenase  and  hexokinase  aetiantnes  were  not'  altered.  Pn 
rats  led  ciofibrafe  Che  following  enzymes  were  dee  ceased':  fructose  -  lv 
6- diphosphate  aldolase,  glum^se- ft- phosphate  de hydro- enase.  and 
acetyl  roe  nay  nt*  A  carboxylase.  N-ADf^-maiare  rienyrtvogenoao  was 
significantly  increased  in  the  ciofibrafe -fed  rat.  Pn  animals  fed 
ciofibrafe.  whether  they  were  on  a  fructose  or  a  glucose  diet,  there 
was  a  significant  decrease  in  hepatic  glycogen.  ftadvoiwoiopcs  were 
use d:  to  demonstrate  the  decreased  conversion  of  glucose  and  fructose 
into  ply c open. 


Potassium  therapy  given  to- six  obese  patient's  undergoing  a  two1 
week  fast  led  to  a  significant  improvement  m  glucose  tolerance. 

This  improvement  was  associated  with  ear  iter  and’ greater  plasma 
insulin  responses.-  Fasting  for  two  weeks  with  no  potassium  produc  ed1 
no  significant  change  in  glucose  tolerance.  Fasting  with  potassium 
supplementation  maintained  normal  potassium  balance  and  pv odea  ed 
a  slight  rise  in  total  body  potassium.  When  patients  were  fasted 
without  potassium  a  statistically  significant  negative  potassium  balance 
developed  and  the  total  body  potassium  fell  significantly.  If  appears 
that  potassium  depletion  during  fasting  plays  a  significant  rote  in  the 
deterioration  of  glucose  tolerance,  tti  healthy  non- obese  normal"  males, 
fasting  for  4&  hours  produced  an  abnormal  gliicos^  tolerance  test 
Which  progressed'  in  severity  as  the  fast  was  prolonged:  to  ~2  and  §ft 
hours.  After  fasting  resting  plasma  insulin-  values  fell  and'  the  response 
during  the  glucose  tolerance  test  was  delayed'.  During  a  six  day 
period  of  re  feeding  after  fasting  the  glucose  tolerance  test  still1  differed 


significantly  from  control  tests  at  one  day.  At  (wo.  three  and  fwr 


dfetys  (he  glucose  tolerance  test  was  normal  but  became  abnormal  on 


clays  ft  and  ft.  When  eigim  normal  subjects  were  fed  a  ftOQ>  calorie 
diet  containing  &ft  grams  of  carbohydrate  for  three  days  no  significant 


alteration  of  (he  glbcose  tolerance  test  developed. 


In  order  to  study  Me  ^thesis  it  is  necessary  to  prepare  bite  steroid 
intermediates..  For  a  long  period  of  time  we  have  Men  attempting 
to- prepare  some  of  (he  bile  steroid  intermediates  leading  from 
cholesterol1  to  cholic  acid.-  We  have  now  devised  a  procedure  wh-iva 
is  not  yet  perfected.-  but  which  is  partly  successful  in  prov idVng  some 
of  the  bite  steroid  intermediates  which  can  be  used  to- prepare  other 


ten  (to 

tMs-  teiiiliJ  gSw  a  rms#  ®U  *u^wS4wwj<t^  'Miteiii  &aii  4*- 
a»*tiK  t&f  flte1  o£  {!&»•  My*9'iy5&£$te*  <s&  KA*  vJtt’bsutb  Asite  ajJwMMfl*., 
Th»'  lUtfulWjd  sdiiili)  s’tfyxtM  es-'  ^wnteattAaty  ®K  tetttfbK&Mi)  <yd  tf&tt'  w^v-yu*  teutes  - 
ittecS^O*^  Jw  SiUt  **y  tfAuifl  ihiuj^  a*i&®tkfcUi£a>  &&u  &«• 

a»etil  Keys'  su&A  flwtrKtetwibw' 


S>7 


BODY  V)  KJ:.f*UKJ 


UMT  M*.  yyV  Baum  fctudmb  jn  IJjjjdb 

•&711/1  M. ),  iLA  7  u  d«l«  J  jjjjhi  the  <  JJt  c1  yj 

liuyjnr  carMiy cl»-«it.r  tiutib 
y»  Kruin  Jjjuclb  jn  nyamaJ 

jjjeji. 

V  WM1MM  ■ 


Itt  ton*  jaiva-i.yubJy  3kft\u  ikd « m  jut-d  thai  tin  hyjKJUJi’.lyc^rjdcjtuia  Uiat 
■umir*  wjiJj  iCU.+rUj>  VAjiKabydaAty  an  xalb  And  aau*u  and  patafiitb  wjih 
*\udgay-u>yiM>  ■j’ljraftJy.wj- itiU-'jiaa  (by-.vAJk‘d  tAjiiyti.vdjai t  -jndutfd 

Aa'jdf'i.uia)  .d'-pendfe  uu  Uk-  iyjn  a  ad  axuvuut  «J  dj  clary 
WAJltoybjnda’Ala. ,  |.«ycalwji-  A.u  yuuU-  yj  druel-OM-  yj  *ucj  <*'.■<:  may  jiinw 
ijjliUbjjjB  ij'jrJYw.vudi‘  ojaa«/jaira.t  j  yra  iy  JUvclb  grcjucr  dJaajj  wjUj  nun- 
AvgataijjJiUii.’.  bUtfaiA.  illddCUt'fc  an  aat  Jjv.w  j.iidjca1.c‘d  Dial  ujj< 
tpybbitaJ.*'  r-C'Abwu  ios  Hw  sAddra'cmi'  .twtwffjj  th«-  yj  i’,Ju( gif 

a.nd  daiulybi'  *wj  pjA&jJA  IrjjyJji  wa'idf  tyncivritJAdjyt.)  wab  that  Ja-uriyhc 
\wa.b  a  iteliw  jajwurbyr  yd  JacjaadJc  dAldy  a<  ad*..  The  djjJtjej ■•■•■(.  jn 
dl«'  vuuu>'i'3‘iiviJ  ud  drutlybe  and  &J.u<ybe  l.u  jail >  ao<**>  wax.  rvlatyd  tu 
liar  lacd  thad  lU’  rad.*1  *jd  hftwtir  yJycyJyMb  yj  diucdofci'  wab  ujiaUt  Uiau 
Hurt  dyj  r.J-ui-.ubty  By  a  in ' jn-Ab ii4,  the  3Al*  ai  which  I’iucyfci'  cyuJd  be 
ajutlaiiytoftiid  via.1  ivauld  llat-  m d,c  yd  cynvfrbdujj  uJ  aylucgM'  ly 

daddy  At'idb,  Thun  a  jJLdiwajliaiJ  i'.yAV4>jjs>jyn  ud  bui.'.ajfc  ly  hepatic 
daddy  Acifib  A'.yuid  toe  vue  yd  Uae  mechaujL&jj.b  dux  thy  uta&erved  ctidjcj  cn- 
liuJ  tfJfcvUb  yJ  .diddc-reaid  bu^Ai  ft  ijjj  pJabxua  IrajUy  wrick-  cyfK'ejjirAljyrj 
in  xoau..  In  carder  lu  exatsasie  Ibi*  pybbil/aiiiy.  bin  diet  were  dum- 
wji'Asyaiijav,  ll.«i'  t'sule  yj  m-yj'jaya Align  yJ  ^^Cf}~ druclybe  Ajad  iducotv 

jj&g  dally  Atiidb..  sJycwri ds- avly  wr  yj  and  C’O^.  aud  lbc  At  livji j«?  yj 
da-jjadj'1  vnzymvk  mn  mtaxiujyci  in  jjumay  Jjvyjy 

nmvLTti  Aim  or  irm  hej^  ltis 


ItuxtuiJJ  hv&r  wai»  ijtatairard  Jryna  jjaljfnib  u»tik'r^yji4’.  ^divt  djyJ<- 
tybldAt'l'Jxjjy  adtk-Tr  hAorn^  vvmvjii  was  yiataint-'d.  Thy  livyj-  lasbuy  -WAb 
iJayjj  Ab»Ay'i>d  d'c jr  vstrim*  h'ixvimv  ana  i^liicysv  ajj.i'taJxyJizjnu  m>w  a. 

Id  wax.  Jyuud  dhai  ph<j&ph tjj'y JaI xgn  yd  jrycl«/bf  t>y  dJUflykitiAby  wax 
*j.yj'y  IdjAU  5-dyld  gr«a«!«T  IIjajj  Ujy  IvUJ  At  livily  Jya1  j.'lycy*K-  j>hw»- 
j^jyj'yiadji.yij  lbyr  ^jluivykajiAby  Arad  hiAijhjjjAbty  Fj’ucl'jJsJjiAby.  aaitAburyd 
inj  bi*  ,+aunjArj  lia'4-Tb  djAd  ajj  Atdividy  yd  21,  A  mytmvi^k  uJ  bubbdaaiy 


Ba^ic  Sludies  in  Lipids  (cont'd) 

njt'laboiized  min.  mg  of  protein  while  total  phosphorylation  by 
glucokiimse  and  hexokinase  amounted  to  4.  89  mjwnoles  of  substrate 
metabolized  min.  ,  mg  of  protein  in  the  same  six  livers.  The 
activities  oi  phosphofructokinase,  fructose-1.  6-diphosphate  aldolase, 
pyruvate  kinase,  fructose- 1-phosphate  aldolase,  triukmase  and 
NABH  and  NADPH  alcohol  dehydrogenases  were  measured.  The 
rate  limiting  step  appeared  to  be  at  gJueokinase  and  hexokinase. 

If  lipogenesis  is  related  to  glycolytic  rate  then  the  conversion  of 
fructose  to  fatty  acids  should  be  greater  than  that  for  glucose. 

This  was  tested  by  incubating  liver  slices  with  radioisotopically- 
labelled  fructose  and  glucose.  In  each  of  four  experiments  fructose 
was  converted  to  a  greater  degree  than  glucose  to  fatty  acids,  carbon 
dioxide  and  glyceride- glycerol.  This  increased  conversion  of  fructose 
to  fatty  acids  as  compared  to  glucose  could  not  be  accounted  for  by 
breakdown  of  glycogen  since  fructose  was  metabolized  to  glycogen  to 
a  greater  degree  than  glucose.  By  increasing  the  concentration  of 
glttcose  in  the  medium  of  incubated  human  liver  slices  one  could 
increase  the  content  of  fatty  acids,  carbon  dioxide,  and  glyceride- 
glycerol  production.  Thus  in  one  experiment  a  concentration  of 
glucose  of  5  mmole  led  to  the  formation  of  17  mjjmoles  of  glucose 
recovered  as  fatty  acid/ gram  uf  liver/ 90  minutes  of  incubation, 
whereas  a  10  mmole  concentration  gave  rise  to  30. 4  and  a  30  mmole 
glucose  concentration  gave  rise  to  57. 6  mpmoles  of  glucose 
converted  to  fatty  acid/ gram  of  liver/ 90  minutes  of  incubation. 

These  results  indicate  that  the  control  al  fatty  acid  production  from 
glucose  is  more  closely  regulated  at  the  glucoklnase  and  hexokinase 
steps.  It  must  also  be  taken  into  consideration  that  phosphcrfructokinase 
is  a  potential  controlling  step,  even  though  the  data  show  that  phos- 
phofructokinase  in  vitro  has  the  same  activity  as  fructokinase.  It 
is  possible  that,  in  vivo,  because  trf  the  allosteric  properties  of 
phosphofructokinase,  the  activity  is  much  less  than  seen  in  the 
in  vitro  assay.  These  observed  effects  of  glucose  and  fructose  in 
humarTliver  tissue  are  cmsistent  with  the  predictions  derived  from 
a  consideration  of  the  differential  conversion  of  fructose  and 
glucose  to  fatty  acids  and  the  effect  of  glucose  concentration  on  hepatic 
fatty  acid  synthesis. 

CONCLUSIONS: 


This  study  lias  shown  that  the  differential  conversion  of  glucose  and 
fructose  to  fatty  acids  in  human  tissue  is  consistent  with  the  idea 
that  fructose  is  metabolized  at  a  greater  rate  to  lipogenic  substrates 
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than  is  glucose.  Glucose  is  controlled  at  the  glucokinase.  hexokinase 
and  potentially  at  the  phosphofructokinase  steps.  Whereas  fructose 
by-passes  these  steps  at  a  much  greater  rate  and  is  converted  to 
lipogenic  substrates  at  a  much  greater  rate  of  glucose  because  of 
the  inherent  capacity  of  the  metabolic  pathway.  These  results  in 
human  liver  are  similar  to  those  found  in  the  rat  and  are  consistent 
with  studies  in  which  dietary  sucrose  increases  serum  triglyceride 
concentration  to  a  greater  rate  in  human  volunteers  than  an  isocaiorie 
amount  of  glucose. 

RE  COMMENDA  HONS : 

These  studies  should  be  followed  with  an  attempt  to  explain  what 
is  the  ideal  dietary- carbohydrate  substrate  tor  man.  Whether  toere 
are  individual  variations  in  the  handling  of  sucrose- containing  foods 
such  that  adverse  effects  may  occur  in  time  in  some  individuals  is 
not  yet  known.  Further  attempts  should  be  made  to  explore  the 
mechanisms  controlling  the  formation  of  lipids  from  carbohydrate 
sources. 

PUBLICATIONS: 

1.  Zakim,  D.  ,  R.  H.  Herman  and  W.  C.  Gordon,  Jr.  The  conversion 
of  glucose  and  fructose  to  fatty  acids  in  the  human  liver.  Biochem. 
Med.  1969,  in  press. 

STUDY  NO.  IB  To  determine  the  effect 

of  varying  carbohydrate 
diets  on  serum  lipids  in 
normal  men. 

PROBLEM: 

The  feeding  of  large  amounts  of  carbohydrates  to  normal  subjects  lead 
to  an  increase  in  th  plasma  triglyceride  concentration.  In  a  large 
number  of  patients  with  hypertriglyceridemia  there  is  a  direct 
relationship  between  the  plasma  triglyceride  concentration  and  the 
carbohydrate  content  of  the  diet.  Clofibrate  has  been  effective  in 
reducing  the  plasma  lipid  concentration  in  patients  with  endogenous 
(or  carbohydrate-induced)  hypertriglyceridemia.  Because  of  the 
important  action  of  this  drug  it  is  necessary  to  know  what  action 
this  drug  has  on  the  plasma  lipid  concentration  in  normal  individuals 
with  carbohydrate- induced  hypertriglyceridemia.  For  this  reason 
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normal  male  volunteers  were  given  high  sucrose  diets  and  then  treated 
with  clofibrate  to  see  the  effect  on  the  serum  triglyceride  levels. 

RESULTS  AND  DISCUSSIONS  OF  THE  RESULTS: 

Four  normal  male  subjects  were  placed  on  a  2800  calorie  diet  containing 
40’ p  of  calories  as  sucrose,  17%  as  casein,  and  43%  as  corn  oil  for 
three  days.  On  the  fourth  day  the  content  of  sucrose  was  increased  to 
80%  with  a  reciprocal  decrease  in  the  corn  oil  calories.  Serum  tri¬ 
glyceride  was  determined  periodically.  After  six  months  the  same 
diets  were  repeated  but  the  individuals  were  given  2  grams  of  clofibrate 
for  one  week.  In  each  of  the  four  subjects  there  was  a  large  increase 
in  the  serum  triglyceride  concentration  when  the  80%  sucrose  diet  was 
fed.  The  administration  of  clofibrate  for  one  week  had  no  effect  on 
serum  triglyceride  concentrations  while  the  subjects  ingested  an 
ad  libitum  diet.  When  the  diets  were  switched  from  ad  libitum  to  a 
40%  sucrose  diet  there  was  no  change  in  the  serum  triglyceride  con¬ 
centration.  However  with  the  80%  sucrose  diet  plus  clofibrate  therapy 
there  was  an  increase  in  the  serum  triglyceride  concentration  equal 
to  that  seen  with  sucrose  alone.  In  one  subject  the  peak  serum  tri¬ 
glyceride  concentration  was  greater  with  clofibrate  than  without  clo¬ 
fibrate.  When  clofibrate  was  discontinued  there  was  an  increase  in 
serum  triglyceride  concentrations  in  three  of  the  subjects  whereas 
the  triglyceride  concentrations  fell  slowly  in  the  fourth  subject. 

CONCLUSIONS: 

Present  studies  show  that  sucrose-induced  hypertriglyceridemia  in 
normal  males  is  not  prevented  by  the  administration  of  clofibrate  in 
a  dosage  which  lowers  the  serum  triglyceride  concentration  in  patients 
with  endogenous  hypertriglyceridemia.  The  results  do  suggest  that  in 
some  normal  individuals  clofibrate  may  diminish  the  triglyceride mic 
response  to  sucrose.  However,  at  the  beginning  of  the  study  when  the 
individuals  were  eating  an  ad  libitum  diet,  clofibrate  did  not  lower 
serum  triglyceride  concentrations.  Whatever  the  mechanism  of 
clofibrate  action  is,  it  does  not  seem  to  be  related  to  the  mechanism 
whereby  sucrose  increases  serum  triglycerides  in  normal  human  males. 

RECOMMENDATIONS: 


Other  hypotheses  concerning  the  mechanism  of  clofibrate  should  be 
entertained.  Preliminary  data  seems  to  suggest  that  clofibrate  inter¬ 
feres  with  the  recirculation  of  plasma  triglycerides.  It  is  premature, 
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at  this  time,  to  draw  firm  conclusions  as  to  the  mechanism  of  action 
of  clofibrate. 

PUBLICATIONS: 

I.  Zakim,  D.  and  R.  H.  Herman.  The  effect  of  clofibrate  on  the  serum 
triglyceride  concentration  in  normal  males  fed  high  sucrose  diets. 

J.  Ather.  Res.  1969,  in  press. 

STUDY  NO.  1C  To  determine  the  effect  of 

varying  carbohydrate  diets 
on  serum  lipids  in  normal 
human  men. 

PROBLEM: 

Because  of  the  effect  of  clofibrate  in  lowering  serum  triglyceride 
levels  in  patients  with  hypertriglyceridemia  it  seemed  to  be  of 
importance  to  determine  the  effect  of  clofibrate  and  various  enzymes 
in  humans.  Since  human  liver  is  generally  inaccessible,  particularly 
in  normal  individuals,  it  was  decided  to  study  the  effect  of  clofibrate 
on  gastrointestinal  enzymes  since  jejunal  tissue  is  accessible  for 
investigation.  Therefore,  in  individuals  given  clofibrate  to 
determine  the  effect  on  sucrose- induced  hypertriglyceridemia,  jejunal 
biopsies  were  obtained  and  various  enzymes  in  jejunal  tissue  were 
measured. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

In  normal  males  fed  80%  sucrose  and  then  given  clofibrate  it  was  found 
that  glucose- 6-phosphate  dehydrogenase,  but  not  6-phosphogluconic  acid 
dehydrogenase,  was  decreased  by  clofibrate  in  human  jejunum.  There 
was  some  decrease  in  jejunal  glucokinase  but  no  effect  on  jejunal 
hexokinase.  Fructokinase,  fructose-1- phosphate  and  fructose  1,  6-diphos- 
phate  aldolases  were  also  decreased  in  activity. 

CONCLUSIONS: 


The  differential  response  of  enzymes  to  clofibrate  suggests  that  there 
is  a  group  of  enzymes  sensitive  to  clofibrate  while  another  group  is 
resistant.  A  fruitful  approach  to  the  mechanism  of  action  of  clofibrate 
would  be  in  studying  the  effect  of  clofibrate  on  varying  enzymes  involved 
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in  the  regulation  of  serum  lipid  levels.  These  studies  demonstrate  an 
approach  to  the  study  of  drug  action  in  the  human.  Since  jejunal  tissue 
can  be  easily  obtained  it  would  be  simple  then  to  measure  the  effect 
of  various  kinds  of  drugs  in  man  on  jejunal  enzymes. 

RECOMMENDATIONS: 


Further  studies  on  jejunal  enzymes  and  the  effect  of  drugs  should  be 
undertaken. 

PUBLICATIONS: 

1.  Zakim,  D. ,  R.  H.  Herman,  N.  S.  Rosensweig  and  F.  B.  Stifel. 
Clofibrate-induced  changes  in  the  activity  of  human  intestinal  enzymes. 
Gastroenterology  56:  496,  1969. 

STUDY  NO.  2A  To  determine  the  effect  of 

varying  carbohydrate  diets 
on  serum  lipids  in  rats. 

PROBLEM: 

Studies  were  undertaken  in  the  rat  to  study  the  effect  of  clofibrate 

on  the  glycolytic  enzymes  and  lipogenic  enzymes  on  a  high  carbohydrate 

diet. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


The  effect  of  clofibrate  on  glycogen  and  various  glycolytic  and  lipogenic 
enzymes  was  investigated  in  rats  fed  a  70%  fructose  diet.  It  was  found 
that  the  following  enzymes  were  significantly  decreased  in  activity  in 
the  clofibrate  fed  animals:  fructose-1,  6  -diphosphate  aldolase,  glucose-e- 
phosphate  dehydrogenase  and  acetyl-CoA  carboxylase.  NADP-malate 
dehydrogenase  was  significantly  increased  in  the  clofibrate  fed  animals. 
No  change  occurred  in  hexokinase,  6-phosphogluconic  acid  dehydrogenase 
and  citrate  cleavage  enzymes  in  the  liver  of  clofibrate-fed  animals.  In 
clofibrate-treated  animals  fed  fructose  or  glucose  there  was  significantly 
less  hepatic  glycogen  per  100  grams  of  liver  as  compared  to  those 
animals  not  fed  clofibrate.  Animals  pair-fed  fructose  diets, with  or 
without  clofibrate,  had  no  significant  difference  in  the  hepatic  glycogen 
content.  In  rat  liver  slices  fructose  was  converted  to  glycogen  quite 
well  in  non- clofibrate  fed  animals  and  to  a  greater  degree  than  was 
glucose.  However,  in  fructose  and  clofibrate-fed  animals  both  fructose 
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and  glucose  were  converted  very  poorly  to  glycogen  in  liver  slices. 
Similar  results  were  found  for  glucose  and  glucose  plus  clofibrate-fed 
animals.  That  is,  liver  slices  from  the  glucose  fed  animals  converted 
fructose  to  glycogen  to  a  greater  degree  than  glucose  whereas  in  liver 
slices  from  glucose  and  clofibrate-fed  animals  both  fructose  and 
glucose  were  converted  very  poorly  to  glycogen.  The  same  was  true 
whether  the  animals  were  pair-fed  or  not. 

CONCLUSIONS: 


This  study  in  rats  parallels  that  carried  out  in  human  jejunal  tissue 
and  demonstrates  a  specific  effect  of  clofibrate  on  various  enzymes 
in  rat  liver.  Other  enzymes  are  unaffected  while  the  formation  of 
glycogen  from  fructose  and  glucose  in  clofibrate-fed  animals  is  inhibited. 

RECOMMENDATIONS: 

The  mechanism  of  clofibrate  inhibition  of  glycogen  synthesis  should 
be  investigated  further  to  see  whether  this  vvill  account  for  the 
mechanism  of  action  of  clofibrate. 

PUBLICATIONS: 

1.  Zakim,  D. ,  R.  S.  Pardini  and  R.  K.  Herman.  The  effect  of  clofibrate 
(ethyl- chlorophenoxyisobutyrate)  treatment  on  glycolytic  and  lipogenic 
enzymes  and  hepatic  glycogen  synthesis  in  the  rat.  Biochem.  Pharmacol. 
1969,  accepted  for  publication. 

2.  Herman,  R.  H. ,  D.  Zakim  ant!  F.  B,  Stifel. 
metabolism  in  experimental  animals  and  man. 
published. 

STUDY  NO.  2B  To  determine  the  effect  of 

varying  carbohydrate  diets 
on  serum  lipids  in  rats. 

PROBLEM: 

Studies  done  previously  showed  that  feeding  a  diet  containing  a  large 
amount  of  fructose  or  sucrose  did  not  increase  the  alpha- glycero¬ 
phosphate  concentration  in  rat  liver  in  comparison  to  glucose  or  rat 
chow  feeding.  Other  workers  indicated  that  alpha- glycerophosphate  is 
a  quantitatively  important  metabolic  product  of  fructose  metabolism. 


Effect  of  diet  on  lipid 

TTa/I  T)v a /■»  lOCO 
x  vv*.  jl  *  vw.  i v/  wt; 
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There  is  data  in  the  literature  to  suggest  that  fructose  produces 
more  glyceride-glycerol  than  does  glucose.  In  our  studies  the  animals 
were  fed  ad  libitum  whereas  the  other  investigators  administered 
fructose  by  injection.  Thus,  we  have  investigated  the  effect  of  acute 
fructose  loads  on  the  hepatic  alpha- glycerophosphate  concentration  in 
the  rat  liver.  The  data  was  compared  with  that  for  glucose  injection. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


The  intravenous  injection  of  fructose  (200  or  400  mg)  into  anesthetized 
rats  leads  to  a  prompt  increase  in  hepatic  alpha-glycerophosphate  con¬ 
centration.  This  increase  is  transient  since  the  alpha- glycerophosphate 
concentration  cannot  be  due  to  lack  of  substrate  for  fructokinase 
since  the  fructose  concentration  in  the  plasma  is  sufficiently  elevated. 
Changes  in  the  hepatic  pyruvate  concentration  after  intravenous 
fructose  were  parallel  to  those  for  alpha- glycerophosphate.  Glucose 
injection  did  not  lead  to  an  early  increase  in  hepatic  alpha- glycero¬ 
phosphate  concentration.  However,  twenty  minutes  after  the  intravenous 
glucose  the  hepatic  alpha- glycerophosphate  concentration  was  nearly 
two-fold  greater  than  the  control  values. 

CONCLUSIONS: 

These  data  indicate  that  the  effects  of  fructose  on  hepatic  fatty  acid 
metabolism  cannot  be  related  to  sustained  increases  in  hepatic  alpha- 
glycerophosphate  concentration.  These  data  also  show  that  under 
certain  conditions  the  concentration  of  hepatic  alpha- glycerophosphate 
may  be  greater  after  glucose  than  after  fructose  administration. 

RECOMMENDA  TIP  NS: 

Investigation  of  the  differential  handling  of  glucose  and  fructose  by 
man  and  rat  should  be  continued. 

PUBLICATIONS: 

1.  Zakim,  D.  and  R.  H.  Herman,  The  effect  ol  intravenous  fructose  and 
glucose  ori  the  hepatic  alpha- glycerophosphate  concentration  in  the  rat. 
Biochem.  Bipphys.  Acta  165:  374,  1963, 

2,  Zakim,  D.  and  R.  H.  Herman,  Regulation  of  fatty  acid  synthesis, 
Amer.  J.  Clin,  Natr.  22:  200,  I96D. 
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STUDY  NO.  3  To  determine  the  mechanisms 

whereby  disorders  of  carbohy¬ 
drate-induced  hypertrigly¬ 
ceridemia  occur. 

PROBLEM: 


Patients  with  endogenous  fcarbohydr ate- induced)  hypertriglyceridemia 
have  a  serious  defect  in  the  regulation  of  scrum  triglycerides  when 
exposed  to  dietary  carbohydrate.  Identification  of  this  defect  should 
lead  to  more  rational  therapy  of  the  hypertriglyoeridemic  state  and 
prevention  of  the  untoward  sequela  which  may  occur.  It  may  provide 
understanding  of  the  mechanisms  whereby  serum  triglycerides  are 
regulated  and  a  determination  of  the  necessity  of  maintaining  serum 
triglycerides  at  a  specified  level  in  any  given  individual.  Metabolic 
studies  in  patients  with  various  types  of  hypertriglyceridemia  have  been 
undertaken. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Patients  with  carbohydrate- induced  or  endogenous  hypertriglyceridemia 
have  been  studied.  The  studies  to  date  are  incomplete  but  have  been 
designed  first  to  prove  that  the  patient  has  carbohydrate-induced 
hypertriglyceridemia  and  second  that  the  individual  responds  to 
clofibrate  therapy.  The  various  parameters  that  have  been  studied 
in  these  patients  include:  glucose  tolerance  test  with  glucose  and 
insulin  levels,  serum  triglycerides  on  specific  carbohydrate  diets 
with  and  without  clofibrate,  serum  lipoprotein  patterns  before  and 
during  clofibrate  therapy,  and  level  of  jejunal  glycolytic  enzymes 
before  and  during  clofibrate  therapy.  Later  the  ability  to  mobilize 
free  fatty  acids  with  appropriate  stimuli  before  and  during  clofibrate 
therapy  will  be  examined. 

CONCLUSIONS: 

At  the  present  time  data  are  being  collected  and  analyzed,  hence  no 
conclusions  are  possible.  A  number  of  patients  with  endogenous 
hypertriglyceridemia  who  respond  to  clofibrate  have  been  located 
and  will  be  studied. 

RECOMMENDA  TIONS : 


When  the  final  results  of  these  studies  have  been  tabulated  and 
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analyzed  the  mechanism  of  action  of  clofituafe  may  be  apparent  and 
a  reasonable  working  hypothesis  of  the  naJure  of  the  defect  in  hyper¬ 
triglyceridemia  may  be  derived. 

PUBLICATIONS: 


None. 

STUDY  NO.  4A  To  determine  the  factors 

which  regulate  blood  glucose 
in  normal  individuals  and 
patients  with  abnormalities 
of  blood  glucose  regulation, 

PROBLEM: 

During  the  starvation  of  obese  individuals  it  is  known  that  the  glucose 
tolerance  test  becomes  abnormal.  It  is  postulated  that  the  negative 
potassium  balance  of  starvation  may  be  responsible  for  this  abnormality; 
if  so,  Supplementation  with  potassium  Airing  fasting  may  correct  the 
abnormal  glucose  tolerance  tests  due  to  starvation.  Accordingly, 
obese  patients  undergoing  starvation  for  weight  reduction  were  studied, 
with  and  without  dietary  potassium  supplementation. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


Potassium  supplementation  during  a  two  week  fast  was  associated  with 
a  significant  improvement  in  the  glucose  tolerance  test  in  six  obese 
patients.  Plasma  glucose  values  were  statistically  significantly  lower 
at  0,  SO  and  1ZO  minutes  when  compared  to  control  glucose  tolerance 
tests  performed  at  the  beginning  of  the  fast.  This  improvement  was  asso- 
ciated  with  earlier  and  greater  plasma  insulin  responses  than  observed 
when  no  potassium  was  given.  Fasting  for  two  weeks  without  potassium 
produced  no  significant  change  in  glucose  tolerance.  Potassium  balance 
in  fasting  subjects  receiving  the  potassium  supplementation  was  normal 
There  was  no  correlation  between  plasma  free  fatly  acid  values  and 
glucose  tolerance. 

CONCLUSIONS: 

This  study  suggests  that  the  abnormality  of  glucose  tolerance  in  obese 
individuals  undergoing  starvation  is  related  in  part  to  a  negative 
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potass  torw  kataiYee  and  that  s  apple  ir.  eta!  a  f  tort  wito  ptaasstoftv  lleadfe  to  a 
oosifive  byname  and  an  itr.pt  oven- eh t  to  gtoeose  toi'ef  a  n<  e  , 


ftLCO SASAt  ni>a  rtOHS: 


this  association  between  potasstoft  balam  e  and  glucose  totetance 
sttooid  be  fmther  studied.-  ftotassi atn  is  necessary  ttyt  ptrytein 
synthesis  and  in  pattieniaf  iot  enzyme  synthesis.-  lienee,  the  ability 
to  baiwfle  a  gtaeose  load  tray  he  dependent  ppon  I  foe  traimerntMa-  of 
gliwose  rr.  elafooi  to  vng  ettzyir.es  wfoiefo  to*  part  may  tettaite  a  positive 
potass  ton.  balance,  this  nay  be  of  i/t.pottanice  to  toefovidhals  tinder - 
gotog  sfateatioft  (kiting-  weight  tcdhcticyn  ptogran.s,  Accordingly.- 
farther  studies  ate  eotaeinplafed. 


fd;6LicA  lions': 


Aitdef  sort,  A ,  W, ,  ft,  t*..  Herman,-  K.L.-  f$e\ve  on.er ,  Improve mettt  in 
gtoeose  toletaftee  (A  obese  mtienis  after  tasting  when  given*  potasstoft 
stippleineftlalioft,  Artie t.-  A,  Clift,  fJtil/,  i9C&,  accepted  tor  publication, 

SttOST  NO,  461  to  determine  the  factors 

wfoicfo  iegtilate  blood  gtaeose 
ift  nominal  indivittaals  and 
oatients  wilfo  afono*  finalities 
of  Wood  gtaeose  iegsdaltoft, 

6WOBL6M: 


Gtaeose  tote  tame  heeott.es  abnotn.ai  ift  obese  neopie  teeing  tasted  and 

jeer  u/iicuor  *sy  rnjretgr&rirrrrs  gyrtn^€  r&mtrtx,  iri  Fk-O*  *tr<x*  irrc*i  v /eru-rtacy 

gives  fise  to  aft  ahnottnai  glucose  tolerance  test,  a  s indy  -was  eonctaeted 
I;  detefftvirte  live  effect  of  fasting  and  refeeding  on  the  gtaeose  tolerance 
of  norma  1  itvdividbals,  to  addition,  tfoe  effect  of  sftvafl  atnermfis  of 
carbohydrate  eateries  on  tfoe  glucose  tolerance  lest  daring  aw  olfoerwise 
reduced  calorie  intake  was  investigated.. 


RESULTS  AND  WSCUSSION  Of  THE  RESULTS; 


five  changes  ift  Ike  glucose  tolerance  lest  of  healthy  non- obese  male 
volunteers  was  studied  dbring  periods  (A  fasting.-  refeeding  and  wfoile  on 
a  oOO  calorie  diet,  Fasliftg,  tor  4&  foowrs  produced  a«  ahnotn  al  gtaeose 
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tolerance  test  whjcb  progressed  *«  «wMj'  when  the  fast  was  protormyrd 
to  72  and  9to  hours,  After  tasting  with  ref  ceding  the  glucose  tolerance 
lest  still  was  abnormal  at  day  I,  The  glucose  tolerance  te*<  became 
Mtrtt&i  at  days  2..  2  and  A  and  did  wot  differ  from  the  control  glucose 
tolerance  tesfi,  0n  days  3  and  to  Oh*?*-  glucose  tolerance  test  lb lecane 
distinctly  abnormal,  these  abnormal  glucose  tolerance  tests  occur  ad 
a  time  when  the'  streets  were  losing  weight  am d  were  in  motive 
sodium  balance,  When  eight  normal  subjects  were  feet  a  calorie 
i diet  containing.  &5>  grams  of  carbohydrate  tut  three  days  no  signiticarA 
alteration  of  the  gf wcose  toierance  less  developed, 

CO%CLAM&m  A%t)  IMgCVmiQX', 

the  abnormality  (A  glucose  tub-tame  which  occurs  during  tasting  and 
is  prevented  by  feeding  suggests  that  the  glucose  tolerance  in  part  is 
regulated  by  enzyme  Jewells  in  tissues  which  utilize  glucose,  Id  is 
necessary  to  maintain  enzyme  Jewels  to  metabolize  glucose  ad  the  normal 
rate,  Lasting  may  lead  to  a  decrease  in  enzyme  Jewels  so  that  an  acute 
glucose  load  cannot  toe  handled  daring,  the  fasting,  state  ie>  the  same 
degree  as  during,  the  Jed  state,  the  increasing  intolerance  to  glucose 
occurring  during  lasting  would  then  be  correlated  with  a  decrease  in 
the  enzyme  Jewells  in  the  body  presumably  in  the  liver,  the  abnor¬ 
mality  (A  glucose  tolerance  (recurring,  daring  the  firs!  day  of  refeeding 
would  relied  live  time1  required  lor1  induction  (A  enzymes  toy  the  dietary 
substrates,  the  reappearance  oJ  an  abnormal  glucose  tolerance  test 
dur  ing,  days  $  and  to  is  unexplained  ad  dhe'  present  time,  these  con¬ 
cepts  are  further  strengthened  by  the1  lact  that  glucose  intolerance  was 
prevented  by  feeding  only  5>dS)'  calories,  these  results  are  consistent 
with  the  data  that  shows  that  dietary  substrates  increase  hematic 
enzymes  in  the  rat  and  increase  glycolytic  enzymes  in  the  human 
Jejunal  epithelial  cell, 

KECOM»lt^mtlO?i^; 

these  studies  should  be  cmiimted  to  further  elucidate  what  specific 
enzymes  are  altered  as  a  result  (A  lasting  and  refeeding  and  the 
mechanisms  whereby  diet  maintains  tissue  enzyme  levels. 
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PUBLICATIONS: 
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STUDY  MX  5  To  prepare  bik  skraid 

Intermediates  by  chemical 
synthesis. 


PROBLEM: 

The  synthesis  of  cholic  and  chenodcoxycholic  acids  from  cholesterol 
in  the  liver  and  the  regulation  of  such  biosynthesis  is  being  studied 
in  this  laboratory.  The  exact  steps  in  the  biosynthetic  pathway  are 
not  completely  known  and  the  regulatory  mechanisms  are  poorly 
known.  The  requirement  for  bile  steroid  production  is  unknown. 

It  is  known  that  bile  salts  are  important  for  the  emulsification  of 
dietary  substances  in  the  gastrointestinal  tract,  but  the  exact 
function  of  bile  acids  is  unknown,  in  order  to  study  these  problems 
it  is  necessary  to  have  bile  steroid  intermediates  available.  In 
general  these  are  difficult  to  obtain.  We  are  attempting  the  chemical 
synthesis  of  bile  steroid  intermediates  to  provide  material  for  studies 
of  the  biosynthetic  pathways  and  the  mechanisms  regulating  the 
pathway.  Feeding  studies  will  be  conducted  with  these  substances 
to  evaluate  the  effect  on  the  gastrointestinal  tract. 

RESULTS  AND  DISCUSSION  OF  TI  E  RESULTS: 


The  following  chemical  steps  are  being  followed  in  order  to  prepare 
various  bile  steroid  intermediates: 


SO 


Basic  Studies  in  Lipids  (conl'd) 


81 


Basic  Studies  in  Lipids  (eont’d) 
CONCLUSIONS: 


Utilization  of  this  particular  set  of  steps  has  resulted  in  the  formation 
of  some  of  the  cholic  aldehyde.  The  Reformats  Icy  reaction  was  not  as 
efficient  as  it  should  have  been  since  the  aldehyde  was  not  completely 
separated  from  the  alcohol.  Nevertheless  a  small  amount  of  the  bile 
steroid  intermediate,  trihydroxycoprostanic  acid,  was  prepared. 

It  has  been  concluded  that  each  particular  intermediate  should  be 
purified  before  the  next  step  is  carried  out,  particularly  before 
carrying  out  the  Reformatsky  road  ion. 

RECOMMENDA  TIONS: 

This  synthesis  has  proven  to  be  particularly  difficult;  nevertheless, 
CPT  Gilbert  P.  Anderson,  Chemistry  Division,  has  been  carrying 
out  these  studies  for  the  past  year  and  a  half  and  has  made  excellent 
progress.  Although  the  chemical  problem  has  not  been  completely 
solved,  the  basic  problem  itself  is  solved.  Concerted  effort  to 
accomplish  the  synthesis  of  these  difficult  substances  is  necessary. 

PUBLICATIONS: 


None. 
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The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Assess  the  role  of  vitamin  D  in  promoting  the  absorption 
of  calcium  across  the  wall  of  the  rat's  small  intestine. 

STUDY  NO.  2  Study  on  the  effects  of  amino  acid  deficiency,  hormones 
and  other  factors  on  rat  liver  polysomes  and  amino  acid 
incorporation. 

STUDY  NO.  3  Studies  on  mineral  metabolism  and  interactions. 


1 .  Vitamin  D  can  increase  the  transport  of  calcium  across  the  intestinal  wall  of 
a  D-deficient  rat;  the  administration  of  actinomycin  D  (Ap)  has  been  reported  to 
inhibit  this  effect  of  vitamin  D.  From  this  it  has  been  proposed  that  vitamin  D 
acts  by  inducing  the  synthesis  of  a  protein  in  the  intestine,  which  acts  to  increase 
the  transport  of  calcium.  S:nce  our  D-deficient  animals  with  normal  blood 
calcium  levels  appeared  to  have  an  adequate  absorption  of  calcium,  it  appeared 
worthwhile  to  investigate  a  possible  relationship  between  intestinal  absorption 
of  calcium,  vitamin  D  and  Aq. 

Using  the  methods  and  experimental  design  reported  in  the  Annual  Progress 
Report  for  1968,  the  results  obtained  sliowed  no  inhibition  by  Ap  of  vitamin  D' s 
effect  on  calcium  uptake  by  the  intestine.  Since  this  was  contrary  to  the  results 
reported  in  the  literature,  further  experiments  are  required  to  check  and  compare 
the  findings  in  our  laboratory  v/ith  those  found  in  another  laboratory.  These 
experiments  will  cover  2  points; 

a.  A  demonstration  of  the  effect  of  Ap  on  phospholipid  synthesis  while 
measuring  its  effect  on  calcium  uptake  in  D-treated  animals.  A  reduction  in 

incorporation  in  phospholipids  of  the  intestine  would  demonstrate  that  Ap 
is  behaving  as  an  inhibitor.  The  simultaneous  effect  on  calcium  uptake  would 
reveal  whether  it  is  likewise  inhibiting  the  vitamin  D  effect. 

b.  Determine  the  effect  of  varying  certain  components  of  the  in  vitro 
incubation  medium  on  the  relation  of  Ap  to  calcium  uptake. 
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It  is  important  to  answer  the  question  es  to  whether  vitamin  D  acts  by  inducing 
the  synthesis  of  an  intestinal  protein  which  promotes  the  transport  af  calcium. 

Such  an  answer  would  determine  the  direction  of  future  work  on  the  mechanism 
of  calcium  transport  in  the  intestine,  and  the  role  of  vitamin  D  in  this  transport. 

In  an’icipation  of  future  work,  a  procedure  has  been  tested  designed  to  measure 
adenyl  cyclase  enzyme  in  mucosal  cells  of  the  small  intestine. 

Improved  methods  have  been  developed  for  isolation  of  an  in  vitro  amino 
acid  incorporating  system  (polyribosomes  nndcell  sap)  from  ratTiver.  The 
superiority  of  HEPKS  (N-2-hy droxyethylpiperazine-N1  -2-ethanesulfonic  acid) 
buffer  as  compared  to  tris-HCI  was  demonstrated.  The  pH  optima  for  extraction 
of  polyribosomes  and  cell  sap  enzymes  were  established  as  7.6  and  6.4,  respectively. 
Deoxycbolafe  at  a  final  concentration  of  1.67%  in  post  mitoclsondria!  supernatant 
yielded  more  active  polyribosomes  than  any  of  the  Triton  detergents  tested.  The 
optimal  potassium  concentration  for  extraction  of  both  cell  sap  enzymes  and 
polyribosomes  was  75  mM.  The  optimal  magnesium  concentrations  were  5  and 
3.75  mM  for  polyribosomes  and  cell  sap  enzymes,  respectively.  Sulfhydryl 
protectant  (GSH  at  3  mM)  in  the  extraction  media  markedly  enhanced  the 
amino-acid  incorporating  ability. 

3.  Improved  methods  are  described  for  assaying  in  vitro  amino  acid  incorporation 
by  polyribosomes  and  cell  sop  isolated  from  rat  liver.  Gel  filtration  of  cell  sap 
with  Sephadex  G-10  yielded  a  more  active  preparation  for  protein  synthesis  than 
gel  filtration  with  Sephadex  G-25,  Bio-Gel  P-2,  P-4,  or  P-6.  The  optimal  pH 
of  the  assay  was  7.3.  Addition  of  GSH  to  the  assay  medium  had  no  eFFect  on 
amino  acid  incorporation.  A  ratio  of  22.5  jjg  cell  sap  proteir/yig  polyribosomal 
protein  saturated  the  in  vitro  assay  system,  but  o  higher  ratio  was  recommended. 

In  vitro  incorporation  of  amino  acids  was  linear  for  only  two  minutes.  Although 
Incorporation  wes  maximal  at  41°C  assays  were  routinely  performed  at  37°C  to 
approximate  physiological  conditions.  A  final  Mg^+  concentration  of  5.0  to 
5.25  mM  was  optimal  whereas  the  optimal  K+  concentration  was  near  75  mM. 

An  ATP-regenerating  system  was  recommended  since  high  concentrations  of  A’lP 
were  deleterious.  A  mixture  of  20  L -amino  acids  at  10  mM  each  was  added 
routinely  to  satisfy  the  requirement  for  amino  odds. 

4.  Weanling  rats  were  used  in  experiments  designed  to  study  the  metabolic 
availability  of  copper  from  a  preformed  copper-molybdenum  (Cu-Mo)  compound, 
subsequently  identified  as  a  synthetic  form  of  lindgrenife.  The  various  treatments 
used  were:  basal  diet  (Group  A);  basal  plus  6  ppm  Cu  a>  the  sulfate  (Group  B); 
basal  plus  6  ppm  Cu  as  the  Cu-Mo  compound  (Group  C);  and  basal  plus  6  ppm  Cu 
as  the  sulfate  and  6  ppm  Mo  (equal  to  the  Mo  in  Group  C)  as  sodium  molybdate 
(Group  D).  In  the  first  experiment  when  the  weanling  rots  were  placed  directly 
upon  treatment,  there  were  no  significant  differences  in  either  growth  rates  or 
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hemoglobin  concentrations  among  the  various  treatment  groups.  At  the  end  of 
the  six-week  study,  serum  ceruloplasmin  oxidase  activity  (CPA)  was  significantly 
reduced  in  the  Group  C  rats  compared  with  the  Groups  B  and  D  rats  which 
showed  no  significant  difference  in  CPA.  Liver  and  kidney  Cu  concentrations 
of  Group  C  rats  were  significantly  lower  than  those  from  Groups  B  and  D  rats, 
but  significantly  higher  than  those  in  Group  A  rats.  In  a  second  experiment, 
the  weanling  rats  were  depleted  of  their  tissue  copper  stores  for  two  weeks  prior 
to  being  placed  upon  treatment.  In  this  study,  there  were  no  significant  differences 
in  growth  rates  Hemoglobin  concentrations  were  reduced  in  all  rats  during  the 
depletion  phase.  Following  placement  upon  treatment  Group  C  rats  repleted 
hemoglobin  at  a  significantly  reduced  rate  compared  with  Groups  B  and  D  rats, 
while  Group  A  rats  remained  at  a  reduced  hemoglobin  level.  Serum  CPA,  at 
the  end  of  the  six-week  treatment  phase,  was  signficantly  lower  in  Group  C 
rats  than  in  Groups  B  and  D  rats  which  were  not  significantly  different.  Liver 
and  kidney  Cu  concentrations  in  this  copper  depleted  study  were  not  significantly 
different  among  ony  of  the  copper  supplemented  groups.  These  results  suggest 
that  copper  in  the  form  of  the  Cu-Mo  compound,  synthetic  lindgrenite,  is 
metabolically  less  available,  particularly  for  ceruloplasmin  oxidase  activity, 
than  is  copper  from  the  sulfote  salt. 

Further,  it  appears  that  this  phenomenon  is  unique  to  the  Cu-Mo  compound  since 
an  equal  amount  of  molybdenum  (as  sodium  molybdate)  does  not  elicit  a  similar 
response. 


5.  The  effect  of  zinc  status  of  the  chick  on  sulfate -sulfur  metabolism  in  the 
area  of  bone  eloijaationwas  investigated.  Two  experiments  were  conducted  in 
which  lOjjCi  of  "^504  were  given  either  orally  01  i.p.  to  chicks  fed  either  a 
zinc -deficient  (14  ppm)  or  zinc-sufficient  (90  ppm)  soy  protein-cerelose  diet 
for  4  weeks.  The  zinc-sufficient  chicks  were  divided  into  2  groups:  (1)  ad 
libitum  fed;  (2)  restricted  fed  so  that  their  average  weight  gain  was  approx¬ 
imately  that  of  the  zinc-deficienr  chicks.  Ai  i>,  12,  24,  48,  and  96  hours 
after  isotope  administration,  the  chicks  were  killed  and  the  epiphyseal  plate 
through  the  hypertrophic  zone  and  the  primary  spongiosa  of  the  tibias  were  re¬ 
moved  and  analyzed  for  ^5$  content.  In  these  2  regions,  the  peak  activity 
(dpiT/mg  fresh  tissue)  occurred  approximately  12  hours  after  isotope  administration 
by  either  method  and  was  significantly  less  in  the  zinc-deficient  chicks  when 
compared  to  either  zinc -sufficient  group.  The  hexosamino  level  per  mg  of  fresh 
epiphyseal  plate  was  not  altered  by  zinc  deficiency.  A  significant  increase  in 
the  hexosamine  level  per  mg  of  fresh  primary  spongiosa  was  noted.  These  results 
suggest  that  the  metabolism  of  50^  ,  an  impo'tant  constituent  of  mucopoly¬ 
saccharide  in  the  area  of  bone  elongation,  has  been  altered. 


86 


BODY  OF  REPORT 


WORK  UNIT  NO.  060  Basic  Studies  of  Nutrition  and 

Metabolism 

STUDY  NO.  1  Assess  the  role  of  vitamin  D  in 

promoting  the  absorption  of 
calcium  across  the  wall  cf  the 
rat's  small  intestine 

PROBLEM: 

A.  By  the  use  of  octinomycin  D  (Aq),  it  was  shown  that  an  interference  with 
the  synthesis  of  mRNA  from  DNA  resulted  in  an  inhibition  of  vitamin  D  insofar 
as  its  effect  on  calcium  transport  by  the  small  intestine.  From  this  it  was  con¬ 
cluded  that  vitamin  D  was  responsible  for  the  synthesis  of  a  protein  required 

for  the  transport  af  calcium  across  the  intestine.  It  follows  that  a  D-free  animal 
should  have  little  or  no  capacity  for  this  calcium  transport.  The  experience  in 
our  laboratory  demonstrated  that  rachitic  D-free  animals,  presumably  deficient 
in  this  calcium-transporting  protein,  had  normal  blood  levels  of  calcium  (9-10 
mg/100  ml)  and  therefore  appeared  to  have  adequate  absorption  of  calcium. 
Furthermore,  despite  adequate  levels  of  calcium  in  the  blood  of  these  D-free 
animals,  the  administration  of  physiological  doses  of  vitamin  D  resulted  in  a 
significant  increase  in  both  blood  calcium  (10-11  mg/100  ml)  and  phosphorus. 

The  questions  which  appeared  were: 

(1)  If  adequate  calcium  uptake  by  the  intestine  required  a  protein  whose 
synthesis  was  controlled  by  vitamin  D,  how  could  we  account  for  the  adequate 
calcium  transport  in  aur  animals  which  were  D-free,  rachitic,  and  presumably 
deficient  in  this  protein? 

(2)  What  would  be  tire  effect  of  administering  Aq  to  rats  which  already 
had  adequate  calcium  transport?  Would  those  animals  still  respond  to  vitamin 
D  after  Aq  treatment? 

B.  In  anticipation  of  future  work,  time  has  been  devoted  to  the  development 
of  an  assay  procedure  for  measuring  adenyl  cyclase  activity  in  mucosal  cells  of 
the  small  intestine.  This  enzyme  has  been  shown  to  be  responsible  for  the 
synthesis  af  3'  -  5’  AM?  from  ATP;  the  3'  -5'  AMP  hos  been  implicated  in  the 
transport  of  ions  across  cell  membrunes.  Thus,  if  calcium  transport  in  the 
mucosal  cells  of  the  small  intestine  is  increased  in  response  to  vitamin  D,  while 
adenyl  cyclase  activity  is  simultaneously  enhanced,  a  relationship  moy  be 
sought  between  vitamin  D,  calcium  transport  by  the  intestine  and  adenyl  cycloje 
activity. 
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Methods  for  measuring  adenyi  cyclase  activity  in  vitro  require  tests  For  ATP 
ond  3'  -5'  AM^  in  the  juM  and  nM  range,  while  those  methods  for  measuring 
the  activity  of  this  enzyme  under  conditions  more  closely  resembling  those 
found  in  vivo  require  tests  for  ATP,  3'  -5'  AM?,  AM?  and  ADP  in  the  some 
range  o?  concentrations. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS-. 


A.  Results  of  the  experiments  with  A^  administered  to  animals  on  high  calcium, 
low  phosphorus  diets  (Ca-1 . 2%:P0. 06%)  ond  low  ca'cium,  high  phosphorus  diets 
(Ca  -  0.02%  :  P  -  0.3%)  were  reported  in  the  Annual  Progress  Report  for  1968. 
Brrefly,  the  results  of  our  experiments  indicated  that  A ^  did  not  inhibit  the 
action  of  vitamin  D  on  the  intestinal  transport  of  calcium.  This  was  contrary  to 
the  results  reported  in  the  literature.  In  the  current  year,  the  work  with  A^  was 
extended  to  animals  treated  with  vitamin  D  before  Aq-  In  agreement  with  pre¬ 
viously  reported  work,  those  onimals  treated  with  vitamin  D  before  Aq  showed 
no  inhibition  of  vitamin  D  by  the  antibiotic.  Finally,  as  a  control  group, 
animals  were  fed  Purina  Lab  Chow  for  21  days  before  being  treated  with  vitamin 
D  and/or  Aj-j.  In  this  experiment,  where  the  animals  weie  not  deficient  in  vit¬ 
amin  D,  there  was  no  effect  of  vitamin  D  admin-strafion  nor  was  there  evidence 
of  an  effect  of  A^. 

Because  of  the  difference  in  results  obtained  in  our  laboratory  compared  with 
another  laboratory,  following  the  use  of  A^  then  vitamin  D,  current  and  future 
work  is  designed  to  repeat  an  experiment  with  the  antibiotic  and  the  vitamin 
measuring  the  effect  on  calcium  uptake  by  the  intestine,  while  at  the  same  time 
demonstrating  that  the  antibiotic  is  either  inhibiting  RNA  synthesis,  protein 
synthesis  or  phospholipid  synthesis.  This  procedure  should  demonstrate  that  the 
antibiotic  is  effectively  inhibiting  other  metabolic  processes  while  its  effect  on 
vitamin  D  is  being  determined.  The  experimental  design  includes  a  comparison 
between  different  media  in  which  the  intestinal  tissue  may  be  incubated  to  assess 
the  effect  of  different  components  of  the  media  on  the  action  of  the  antibiotic 
in  vitro.  These  questions  must  be  investigated  before  a  definitive  statement  may 
Ee  made  regarding  an  inhibition  of  vitamin  D  by  A^. 

B.  By  the  application  of  some  methods  already  in  the  literature  and  the  devel¬ 
opment  of  a  thin  layer  chromatographic  separation  of  ATP,  ADP,  AMP  and  3'  - 
5'  AM?,  it  is  now  feasible  to  proceed  with  an  experimental  design  to  determine 
whether  vitamin  D  affects  adenyl  cyclase  activity  in  the  mucosal  cells  of  the 
small  intestine. 
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CONCLUSIONS  AND  RECOMMENDA1IONS: 


A.  The  hypothesis  that  vifom'm  t>  acts  fo  increase  infesflnol  obsorpfionof  colc'om 
by  controlling  the  synthesis  of  o  protein  is  of  sufficient  importance  fo  warrant 
investigation.  Such  a  protein  might  be  on  enzyme  with  specific  catalytic  functions 
which  might  provide  an  opening  info  understood' og  the  mechanism  for  calcium 
transport.  Also/  it  is  possible  such  a  protein  couid  be  non-enzymic  in  nofuie/ 
having  no  catalytic  function/  yet  participating  in  the  transport  of  calcium/  a;  tor 
example/  the  calcium-binding  protein  of  the  chick  intestine  reported  in  the 
literature.  On  the  other  hand/  if  the  hypothesis  is  incorrect  one  mast  look  else¬ 
where  for  the  vitamin  D  effect.  Definitive  studies  should  provide  some  insight 
as  to  areas  for  future  investigations  with  regard  to  the  mechanism  of  action  of 
vitamin  D  and  the  calcium  transport  mechanism  in  the  small  intestine. 

8.  the  experiments  relating  adenyl  cyclase/  vitamin  f>  and  intestinal  transport 
of  calcium  will  be  undertaken  when  the  Ap>  experiments  are  completed. 

PUBLICATIONS: 


Ziporin/  1.1.,  O  J.  Isaac/  C.G  Llddle/  g/vdP.P.  Waring  Effect  of  Acfin- 
omycin  t>  on  vitamin  D-mediafed  uptake  of  ^Ca  by  intestinal  slices  of  rachitic 
rats.  fed.  Proc.  28/  759  (1969)  (Abstract). 

STUDY  NO-  2  Study  on  the  effects  of  amino  acid 

deficiency,  hormones  and  other 
factors  on  rat  liver  polysomes  and 
amino  acid  incorporation. 

PROBLEM: 


following  the  earlier  glucosfafic  and  lipostatic  theories  of  food  intake  regulation/ 


pattern  of  plasma  amino  acids,  As  a  result/  considerable  work  in  the  area  of 
dietary  amino  acid  imbalances  has  followed  as  reviewed  by  Harper  (In  Mammalian 
Protein  Metabolism/  Munro  and  Allison  Ed./  Academic  Press/  Inc./  N.Y./  1964/ 
Vo  I  11/  pg.  87)  Harper  postulates  if  is  the  low  plasma  concentration  of  the 
limiting  dietary  amino  acid  that  is  responsible  for  depressing  appetite  and  thereby 
growth  rate  Recently/  Leung  and  Rogers  (Life  Sci.  8:  t,  1969)  have  confirmed 
he  presence  of  a  food  regulatory  mechanism  in  the  brain  area  signaling  the  rat 
to  decrease  food  intake  in  response  to  a  low  critical  level  in  the  plasma  of  the 


frosic  Studies  of  hfotrrtron  and  Metabolism  (Cont'd) 

growth  limiting  dietc#y  amino  acid,  this  would  after  the  s upphy  of  amino  acids 
to*  in  vitro  protein  synthesis  and  since  the  quality  and  quantity  of  dietary 
protein  influences  the  protein  content  of  fh-e  liver,  it  follows  that  a  change  in 
protein  synthesis  will  result  not  only  in  liver  but  perhgps  in  other  tissues  such  as 
skeletal  muscle  and  brain  tissue, 

the  basic  unit  of  protein  synthesis  is  the  polyribosome  formed  by  ribosomes 
affacbed  to  strands  of  messenger  RNA  (m-RNA)  which  code  for  amino  acid  se¬ 
quences  in  peptide  chains  that  are  synthesized  by  polyribosomes.-  Amino  acid 
availability  may  alter  the  rate  of  pro-fein  synthesis  by  influencing  the  speed  of 
affachmenf  and  detachment  of  ribosomes  on  fbe  m-R’NA  strand.-  In  addition,  the 
lack  of  one  amino  acid  repaired  for  in  vivo  pepytide  synthesis  will  alter  poly¬ 
ribosome  stability  as  evidenced  by  VTonner  et  al,  ( fciocbem,  J.  101;  417,  1966) 
when  he  left  out  dietary  ftyptopdran  from  an  amino  add  mrxture"7oree  fed  to  tats. 

While  it  is  froe  that  an  amino  acid  imbalance  induced  by  a  diet  devoid  or  severely 
deficient  in  a  single  amino  acid  will  induce  anorexia,  a  decreased  growth  rate 
and  changes  in  polyribosome  structure,  Harpers'  theory  of  imbalance  based  on  the 
plasma  concentration  of  the  limiting  dietary  amino  acid  does  not  explain  why  an 
amino  acid  imbalance  derived  from  an  excess  of  a  single  amino  acid  will  cause 
anorexia  and  a  decreased  growth  rate.  In  that  case,  the  imbalancing  dietary  amino 
add  is  present  in  high  concentrations  in  the  plasma  which  may  or  may  not  aflect 
the  appetite  regulatory  center  in  a  like  manner  as  low  concentrations  of  a  limiting 
diefory  amino  acid.  Moreover,  if  is  not  known  whether  polyribosome  structure  is 
altered  wifb  fbis  fype  of  imbalance. 

In  order  to  study  the  effects  of  imbalances  on  br  vitro  protein  synthesis,  a 
reliable  tepfodu  cable  system  is  required ,  Several  reports  daHng  bach  to  Zameerik 
and  Keller  (JftC,  207'  337,  1954)  have  described  a  variety  of  methods  employed 
for  the  isolation  of  rat  liver  cell  sap  enzymes  or  "soluble  factors"  and  poly¬ 
ribosomes,  these  methods  varied  fa  fhe  point  that  it  warranted  an  investigation 
to  establish  optimal  conditions  for  fhe  isolation  of  an  in  vitro  system  and  deter¬ 
mination  of  its  protein  synthetic  capacity,  too  often  an  artifact  of  isolation 
procedures  may  mash  a  treatment  effect  or  induce  changes  in  biological  activity 
of  a  system  that  may  be  misinterpreted  as  a  meaningful  observation.-  We  have 
devised  a  system  to  study  in  vitro  protein  synthesis  in  liver  that  will  allow  incor¬ 
poration  rates  of  80,000  to  IfflffiM)  disintegrations  per  minute  ftJKM)  of  U-  C- 
leucine  of  polyribosomal  protein,  mote  active  fhan  most  systems  utilized  to  date. 
Other  investigators  are  new  using  our  methods  fo  elucidate  ?he  requirements  for 
an  active  muscle  polyribosomal  sysP  m, 
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KESUtfS  AND  DISCUSSION; 


The  main  criteria  fat  determining  tits  superiority  at  am  procedure  o/er  another 
«®s  how  0«  chafes  in  methods  affected  the  ability  of  the  in  vitro  system  to 
incotpotate  U-,4C-'leuclne  into  polyttbosomal  protein  and  the  corresponding 
changes  that  toot-,  place  <n  polyribosome  I  profile*  as  determined  by  tsoHne tic 
sedlmen*ot  fan  ana  ly^ls, 

Experimental  details  ate  as  follow; 

Mole  Holtzwan  rati  (110-140  gw)  were  fasted  overnight  prior  to  decapitation, 
the  I Ivers  removed  and  passed  through  a  flssu-  press  prior  fo  homogenization 
with  a  gloss  hand  hsmogenlzer  and  teflon  pesfel,  All  Isolation  p'os.edutei  were 
tattled  oat  at  4s  C.  The  liver  supernatant*  mete  spun  at  20,000  X  Gravity  (G) 
fat  5  minute*  and  polyribosomes  seete  spun  in  a  l!k®  manner  after  the  detergent 
treatment,  Finally  soil  sap  was  span  over  a  0*5  M  sucrose  cushion  while  poly- 
dhosomal  post -mitochondria  I  supernatant  (PSM)  was  span  over  a  cushion  of  2*0 
and  0,5  M  sucrose  (321,000  X  G  fat  1  hr*  and  45  win*). 

According  fa  Goodet  al,  H£P£S  (N-2-hydroxyplperazlne-N'  -2-ethane;ulfanlc 
acid)  buffer  Is  superior  fa  Tf?!§  buffer  for  use  In  many  biological  systems  dre  to 
Its  lower  pha  (7,55  at  20*  c)  and  small  temperature  coefficient  (,013  pH  urdts/ 
®c)<  When  eur  system  was  Isolated  In  the  presence  of  HEPES  buffer,  7,3  X  1<T 
DPM's  of  U-'^C-Ieuclne  were  Incorporated  pet  mg,  of  polyribosome!  protein 
compared  fo  5,9  x  1(T  DPM* s  of  U-’*C-leucJrw  for  the  system  Isolated  with 
TISIS  buffer.  The  medium  (SHKMi)  used  to  Isolate  cell  sap  contained  250  wM 
sucrose,  50  mM  H£P£§,  3,75  mM  Mg1*,  3  mM  glutathione  (GSH)  (added  fresh 
each  day),  50  mM  XCl  and  finally  25  mM  KOH  which  was  required  to  adjust 
the  pH  to  7,6,  Immediately  before  use,  the  pK  wos  lowered  to  6,4  fo  Isolate 
cell  sop.  To  Isolate  polyribosomes,  a  second  portion  of  liver  was  added  fo  a 
tned'um  (SHKMa)  almost  the  same  as  SHKMj,  except  that  5  mM  MgC^  was 
used  and  the  final  pH  remained  of  7,6* 

In  order  to  free  membrane-bound  ribosomes,  deoxyebetaie  (DOC)  of  o  concen¬ 
tration  of  1,67%  (w/v)  In  PM$  yielded  a  more  active  preparation  than  did 
Triton  X-100,  N-101,  X-114,  end  X-120,  Furthermore,  PNA  values  were 
80  to  90%  of  fhe  protein  values  In  DOC  treated  preparations  but  only  50  to 
60%  In  the  case  of  Triton  preporatlons.  Polyribosome  profiles  of  fhe  laffer 
Indicated  largo  amounts  of  high  molecular  weigh*  maferlol  for  active  protein 
synthesis  In  all  preporatlons  but  resolution  of  the  peaks  Indicating  low  mole¬ 
cular  weight  material  was  poor.  Moreover,  the  Incorporation  of  L-(U-  4C) 
leucine  was  about  half  of  that  observed  with  DOC  treated  material* 
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fallowing  ulhacenti  ifugation  oyer  sue rose,  cell  tap  was  passed  through  a  column 
at  Sepbodex  G-10  (1  -5  *  13  cm,)  fa  rento ye  cold  amino  odd  -  A  comparison  ot 
cell  sop  parsed  through  columns  of  S"phodex.  G-10,  G-25,  Bio-Ge1  P2/  P4,  and 
f^,  revealed  that  40%  more  incorparatioi  was  ollowed  with  ‘he  G-10  treated 
cell  sop, 

d  4  4 

The  &  and  Mg  levels  in  both  the  extraction  ond  assay  medio  are  critical. 
Many  investigators  have  used  25-50  i"M  K  in  fheir  extraction  medio,  however, 
01/1  data  indicate  fhal  isolating  the  in  vitro  system  in  75  m M  K  permitted  almost 
3  times  the  level  of  incorporation  obtained  with  systems  isolated  in  25  mM  K.4. 

T hi*  may  not  be  too  surprising  since  the  intracellular  K‘  concentration  has  been 
reported  to  be  around  75  mM,  Of  equal  importance  wo,  the  concentration  of 
Mg  4  in  the  isolation  med  o  lor  polyribosomes  (5  mM?,  cell  sop  <3.75  mM),  and 
the  incubation  medio  <5  mM),  If  Mg' 1  was  gradually  increased  jp  to  ID  mM  in 
the  polyribasomol  isolation  medium,  a  progressive  decrease  in  the  percentage  of 
high  molecular  weight  material  was  noted  accompanied  by  a  decrease  in  incor¬ 
porating  ability. 

Contrary  to  the  procedures  utilized  ay  many  investigators,  a  sulfhydryl  reagent 
was  employed  in  out  isolation  med  a.  GSH  (3  mM)  allowed  the  isolation  of  a 
more  active  cell  sop  prep  for  the  promotion  of  in  vitro  amino  ocid  incorporation 
while  polyribosomal  activity  was  influenced  very  little.  Subsequently,  no  re¬ 
quirement  for  sulfhydryl  could  be  demonstrated  in  the  in  yitro  incubation.  The 
addition  of  GSH  to  isolation  buffers  is  preferred  since 7t  affords  early  protection 
of  cell  sap  enzyme  active  sites. 

In  order  to  assay  the  incorporating  ability  of  different  polyribosome  preparations, 
cell  sap  enzymes  must  not  be  a  limiting  factor.  In  aur  system,  4,5  mg,  i.2  ml) 
of  cell  sap  protein  was  used  with  0-1  mg,  <0.1  ml)  of  polyribasomol  protein, 
however,  a  ratio  of  22,5  parts  of  cell  sap  to  1  part  of  polyribosomes  was  just 
adequate  to  maintain  a  linear  rare  of  incorporation  for  2  minutes  at  iir C- 

The  incubation  med  a  (0,7  ml/ass  ay)  itself  contained  optimal  levels  of  K 
(75  mM),  Mg4*  (5  mM),  sodium  creatine  phosphate  (20  mM),  ATP  (1  mM), 

GTP  (0.1  mM;,  0,9  mM  GSH  (from  isolation  procedures),  on  equivolor  mixture 
of  19  L  amino  acids  (.  19  mM),  HEPtS  buffer  (50  mM),  and  L Hp-  C)  leucine 
(.8  uc).  Following  the  2  minute  incubation  pariod,  protein  was  precipitated 
with  cold  10%  trichloracetic  acid  (TCA),  washed  once  in  hot  TCA  (5%)  and  3 
times  in  cold  TCA  and  the  pellet  dissolved  in  0,5  ml  of  hyomine  hydroxide. 

The  mixture  was  taken  up  in  Brays  solution  for  determination  of  activity  incor¬ 
porated. 
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CONCLUSIONS: 


1 .  I .t proved  method*  have  been  developed  for  isolotion  of  on  in  vitro  omino 
acid  incorporating  system  (polyribosomes  and  cell  *ap)  from  rot"7ive"r.  The 
superiority  of  HEPE S  (N-2-hydroxyethylpiperozine-N1  -2-ethaneiulfonic  ocid) 
buffer  at  compared  to  tris-HCI  was  demonstrated.  The  pH  optima  for  extraction 
of  polyribosomes  ond  cell  sap  enzymes  were  established  as  7.6  and  6.4,  res¬ 
pectively.  Deo  xycho  late  at  a  final  concentration  of  1 .67%  yielded  more  active 
polyribosomes  than  any  of  the  Triton  detergents  tested.  The  optimal  potassium 
concentration  for  extraction  of  both  cell  sap  enzymes  and  polyribosomes  wo;  75 
mM.  The  optimal  magnesium  concentrations  were  5  and  3.75  mM  for  polyribo¬ 
somes  and  cell  sop  enzymes,  respectively.  Sulfhydryl  protectants  (GSH  at  3  mM) 
in  t!*o  extraction  media  markedly  enhanced  the  amino-acid  incorporating  ability. 

2.  improved  methods  are  described  for  assaying  in  vitro  amino  acid  incorporation 
by  polyribosomes  and  cell  sap  isolated  from  rat  liver!  Gel  filtration  of  cell  sap 
with  Sephadex  G-10  yielded  a  more  active  preparation  for  protein  synthesis  tlxin 
gel  filtration  with  Sephadex  G-25,  Bio-Gel  P-2,  P-4,  or  P-6.  The  optimal  pH 
of  the  assay  was  7.3.  Addition  of  GSH  to  the  assay  med'um  had  no  effect  on 
amino  acid  incorporation.  A  ratio  of  45  pg  cell  sap  proteir/1  pg  polyribosomal 
protein  was  utilized  in  the  in  vitro  assay  system.  In  vitro  incorporation  of  amino 
acids  was  linear  for  only  two  minutes.  Although  incorporation  was  maximal  at 

41  #C,  assays  were  routinely  performed  at  37*  C  to  approximate  physiological 
conditions.  A  final  Mg^+  concentration  of  5.0  to  5.25  mM  was  optimal  whereas 
the  optimal  K+  concentration  was  near  75  mM.  An  ATP-tegenerating  system 
was  recommended  since  high  concentrations  of  ATP  were  deleterious.  A  mixture 
of  20  L*ramina  acids  at  10  mM  each  was  added  routinely  to  satisfy  the  require¬ 
ment  for  amino  acids. 
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STUDY  NO.  3  Studies  on  mineral  metabolism 

and  interactions 

a.  Interaction  between  copper  and  molybdenum  and  its  relationship  to  ceru- 
loplasmic  activity 

PROBLEM: 

The  study  of  copper  nutrition,  metabolism,  and  function  is  complicated  by 
numerous  interactions  involving  copper  and  other  metals.  One  such  interaction 
‘s  the  reciprocal  antagonism  between  copper  and  molybdenum;  molybdenum  can 
precipitate  copper  deficiency  and  copper  can  alleviate  molybdenum  tosicity. 
The  mechanism  of  this  copper-molybdenum  interaction  has  not  been  clearly  elu¬ 
cidated.  One  attractive  hypothesis  is  that  copper  and  molybdenum  form  some 
sort  of  complex  wt'ich  may  render  both  metabolicolly  inactive.  The  study  to  be 
reported  was  designed  to  determine  the  metabolic  availability  of  dietary  copper 
from  a  preformed  copper -molybdenum  compound. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS : 

Weanling,  male  rats  (Spraque-Dawiey)  were  used  in  two  experiments  concerning 
the  metabolic  availability  of  copper  from  a  copper -molybdenum  (Cu-Mo)  com¬ 
pound,  subsequently  identified  as  a  synthetic  form  of  lindgrenite.  In  the  first 
study,  48  rats  were  randomly  divided  into  four  treatment  groups.  The  basal  diet 
for  this  experiment  is  shown  in  Table  I.  The  treatments  added  to  the  basal  diet 
ore  presented  in  Table  II.  Group  A  served  as  a  negative  control;  Group  B  was 
the  positive  control;  Group  C  received  the  Cu-Mo  compound;  and  Group  D  was 
the  control  for  Group  C.  The  supplements  provided  6  ppm  copper  (Groups  B,  C, 
arid  D)  and  6  ppm  molybdenum  (Groups  C  and  D).  Body  weights  were  recorded 
weekly  and  hemoglobin  concentrations  were  determined  at  the  second  and  fifth 
weeks  of  the  six-week  study.  At  the  end  of  the  experiment,  the  rats  were  sac¬ 
rificed;  serum  was  collected  for  ceruloplasmin  oxidase  activity  (CPA)  assay;  and 
livers,  kidneys,  and  spleens  were  excised  for  copper  determinations  (by  atomic 
absorption  spectrophotometry). 
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There  were  no  effects  of  the  various  treatments  upon  either  growth  rates  or 
hemoglobin  concentrations.  The  effects  of  treatment  upon  CPA  and  tissue 
copper  levels  are  summarized  in  Table  III.  The  rats  receiving  synthetic  lind- 
grenite.  Group  C,  showed  o  significant  depression  in  CPA  compared  with  the 
other  groups  receiving  copper  supplements  (Gioups  B  ond  D).  The  lack  of  a 
difference  between  Group  B  and  Group  D  seems  to  suggest  that  the  effect 
observed  in  Group  C  is  a  function  of  the  lindgrenite  compound  and  not  on  in¬ 
fluence  of  molybdenum  alone.  Since  the  Group  C  rats  showed  greater  CPA 
than  the  negative  controls  (Group  A),  it  appears  that  at  least  a  portion  of  the 
lindgrenite  copper  is  available  for  ceruloplasmin  synthesis,  even  though  it  is 
not  as  available  as  is  copper  from  the  sulfate  salt.  Liver  and  kidney  copper 
concentrations  were  significantly  lower  in  the  Group  C  rats  than  in  the  copper 
sulfate  supplemented  rats,  either  without  or  with  sodium  molybdate  (Groups  B 
and  D,  respectively).  This  observation  might  suggest  that  a  part  of  fhe  normal 
tissue  stores  of  copper  had  been  used  for  metabolic  purposes.  The  same  argument 
can  be  used  for  the  lack  of  difference  in  tissue  copper  between  Group  B  and 
Group  D  as  was  used  for  the  non-significant  difference  in  CPA  of  the  same  groups. 

Since  it  has  been  reported  that  the  copper  status  plays  a  role  in  the  copper- 
molybdenum-sulfate  interaction,  the  second  experiment  was  designed  to  study 
this  effect.  The  48  rats  used  in  this  study  were  copper  depleted  by  feeding  a 
whole  milk  powder  diet  for  two  weeks  pricr  to  placing  the  animals  upon  treat¬ 
ment.  At  the  end  of  the  depletion  phase,  the  same  treatments  as  used  in  the 
first  experiment  were  added  to  the  milk  powder  diet.  Body  weights  were  re¬ 
corded  weekly;  hemoglobin  concentrations  were  determined  at  the  end  of  the 
depletion  phase  and  at  the  third  and  sixth  weeks  of  the  six-week  treatment 
phase.  At  the  end  of  the  study,  rats  were  sacrificed;  serum  collected;  and 
livers,  kidneys,  and  spleens  removed.  CPA  and  copper  determinations  were 
made  as  before. 

In  the  copper-depleted  study,  there  were  no  differences  ir.  growth  rates.  Hemo¬ 
globin  concentrations  were  reduced  in  all  rats  at  the  end  of  the  depletion  period 
(Table  IV).  Following  the  addition  of  copper  to  the  diet,  hemoglobin  levels 
began  to  increase.  However,  hemoglobin  repletion  was  slower  in  the  Group  C, 
lindgrenite,  rats  compared  with  the  rats  receiving  copper  sulfate  (Groups  B  and 
D).  The  presence  of  sodium  molybdate  appeared  to  have  no  separate  effect 
(Group  D  vs  Group  B).  The  treatment  effects  upon  CPA  and  tissue  copper  in 
the  copper-depleted  study  are  summarized  in  Table  V.  As  in  the  earlier  study. 
Group  C  rats  had  significantly  reduced  CPA.  One  possible  explanation  for 
the  greater  CPA  in  this  study  than  in  the  earlier  one  is  that  the  rats  contracted 
a  minor  respiratory  ailment  about  the  midpoint  of  fhe  study.  This  could  account 
for  the  increased  activity  since  it  has  been  reported  that  stress  conditions  do 
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increase  CPA-  Even  sa,  neither  the  increased  CPA  nor  the  amount  of  the  increase 
was  as  great  in  the  lindgrenite  treated  rats  as  in  the  other  two  copper  supplemented 
groups.  Contrary  ta  the  data  obtained  in  the  previous  study,  in  this  copper  dep¬ 
iction  stud/  there  were  na  significant  differences  in  liver  and  kidney  copper  con¬ 
centrations  among  any  of  the  copper  supplemented  groups.  Such  a  difference  would 
not  necessarily  be  expected  in  the  latter  study  since  tissue  stares  had  been  depleted 
prior  to  treatment.  In  fact,  the  lack  af  a  difference  in  liver  copper  levels  bet¬ 
ween  the  lindgrenite  supplemented  group  and  the  capper  sulfate  supplemented 
groups  seems  to  suggest  that  lindgrenite  copper  is  readily  absorbed  and  taken  up 
by  the  tissues  in  rats.  The  higher  spleenic  copper  concentration  in  the  Group  D 
rats  has  no  apparent  explanation  at  the  present  time. 

CONCLUSIONS: 


Regardle„s  of  the  capper  status  of  the  rat,  the  data  presented  herein  indicate  that 
capper  in  the  farm  af  the  Cu-Mo  compound,  synthetic  lindgrenite,  is  not  os 
available  for  metabolic  use,  particularly  for  ceruloplasmin  oxidase  activity,  as  is 
copper  from  the  sulfate  salt.  Since  on  amount  of  molybdenum  equal  to  that  in  the 
lindgrenite  did  not  prockjce  effects  similar  to  the  lindgrenite,  it  appears  that  the 
reduced  availability  of  capper  from  lindgrenite  is  a  function  af  that  molecule 
and  not  dependent  simply  upon  the  presence  of  molybdenum  in  the  diet. 

RECOMMENDATIONS: 

Continue  to  study  copper  metabolism  to  arrive  at  a  more  lucid  explanation  of 
its  function.  These  studies  are  impo-tant  from  the  point  of  view  that  many  af 
the  compounds  which  interact  with  copper  fall  into  the  category  of  pollutants; 
and  only  when  copper  functions  and  mechanisms  are  known  con  one  make  app¬ 
ropriate  strides  toward  combating  the  action  of  metabolic  antagonists. 

Ol  101  i r  atiam<:. 
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1.  Dowdy,  R.P.  Copper  metabolism.  Am.  J.  Clin.  Nu*r.,  (In  press). 

2.  Dowdy,  R.P.,  Georgia  A.  Kunz,  andH.E.  Sauberlich.  " Effect  of  a  capper- 
malybdenum  compound  upon  capper  metabolism  in  lbe  rat."  (Submitted  far 
publication). 
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TABLE  I 

Composition  of  Bosal  Diet 


Ingredient 

Amount  (%) 

Vitamin  -free  casein 

20.0 

Cerelose 

62.2 

Alphacei 

5.0 

Corn  oil 

5.0 

L-cystine 

0.3 

Mineral-mix^ 

5.0 

Vifamin-mixD 

2.5 

aMineral-mix  contained:  (g/kg  diet)  Ca(H2?04)2- 
H20,  16.4;  CaC03/  11.5;  KH2P04,  7.6;  Mg$04- 
7H20,  5.1;  Na2HP04‘7H20,  1.2;  NaCI,  1.0; 
MnSCVH20,  0.19;  FeC6H«-07-5H20,  0.18; 

ZnO,  0.014;  Kl,  0.00023. 

^Vitamin  Diet  Fortification  Mixture,  Nutritional 
Biochemicals  Corporation,  Cleveland,  Ohio. 


TABLE  !! 

Treatments  Added  to  Basel  Diet 


Group  No. 

Additive 

A 

Nothing 

B 

15  mg  CuSO^kg 

C 

18  mg  Cu-Mo/kg 

D 

15  mg  CuS04^kg  + 

16  mg  Na2MoO^‘  2H2O/T 
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TABLE  III 

Effect  of  Copper  Source  on  Serum  Ceruloplasmin  Oxidase  Activity  and  Tissue 

Copper  Concentration* 


Group 

Ceruloplasmin 

Activity 

Liver 

Tissue 

Kidney 

Spleen 

(i.u.) 

(ppm 

on  dry  weight 

basis) 

A 

1 .61  a 

6.50  a 

11.41  a 

1 .50  a 

B 

30.38  b 

11.93  b 

31.24  b 

5.43  b 

C 

25.67  c 

10.70  c 

24.41  c 

7.17b 

D 

29.33  b 

12.25  b 

30.25  b 

6.06  b 

*Each  value  represents  the  mean  of  12  observations  and  each  value  in  a 
column  not  foUowed  by  the  same  letter  is  significantly  different  ot  the 
95%  level. 


TABLE  IV 


Effect  of  Copper  Depletion  and  Repletion  on  Hemoglobin* 


Group 

Week- 

;  Post-Treatment 

0 

(g/?00  ml)  6 

A 

9.87 

10.20a  9.28a 

B 

9.88 

13.30  b  13.95  b 

C 

9.83 

12.10c  13.00c 

D 

9.59 

13.38  b  14.05  b 

*  Each  value  represents  the  mean  of  12  observations  and  each 
value  In  a  column  not  followed  by  the  same  letter  is  signifi¬ 
cantly  different  at  the  95%  level. 
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TABLE  V 


Effect  of  Copper  Source  following  Depletion  on  Serum  Ceruloplasmin  Oxidase 
Activity  and  Tissue  Copper  Concentration* 


Group 

Ceruloplasmin 

Activity 

Tissue 

Liver 

Kidney 

Spleen 

(I.U.) 

(ppm 

on  dry  weight  basis) 

A 

1.74  a 

4.39  c 

8.81  a 

2.25  a 

& 

47.16  b 

9.09  b 

32.49  b 

5.84  b 

C 

35.13  c 

8.64  b 

29.81  b 

5.86  b 

D 

48.81  b 

9.17  b 

29.53  b 

4.52  c 

*  Each  value  represents  the  mean  of  12  observations  and  each  value  in  a 
column  not  followed  by  the  same  letter  is  significantly  different  at  the 
95%  level. 
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b.  Effect  of  zinc  deficiency  on  sulfur-35  and  hexosamine  metabolism  in  the 
epiphyseal  plate  and  primary  spongiosa  of  the  chick. 

PROBLEM: 


In  .tine  deficiency/  chicks  fed  a  soybean  protein  based  diet  develop  swollen 
hocks,  and  shortened  and  thickened  leg  bones.  The  cartilage  cells  are  arranged 
mo:’  randomly  in  the  epiphyseal  plate,  and  the  epiphyseal-diaphyseal  junction 
is  narrower.  Recently,  Westmoreland  and  Hoekstra  (J.  Nutr.  98,  76  (1969)) 
reported  in  detail  the  pathological  defects  in  the  epiphyseal  cartilage  of  zinc 
deficient  chicks.  Using  histological  methods,  these  workers  found  that  in  zinc- 
deficient  chicks,  areas  which  were  near  neither  the  hyaline  cartilage  nor  the 
penetrating  blood  vessels  had  more  matrix,  and  the  cells  instead  of  being  uni¬ 
formly  flattened  and  in  regular  columns  as  in  normal  bone,  had  irregular  shapes 
and  more  random  locations.  In  the  zinc-deficient  chick,  the  cells  of  the  degen¬ 
erating  region  of  the  epiphyseal  plate  did  not  degenerate  normally  unless  they 
were  near  a  blood  vessel.  These  investigators  also  reported  that  no  difference 
in  the  distribution  of  either  mucopolysaccharides  or  collagen,  the  two  main 
components  of  extracellular  matrix,  was  found.  However,  in  the  zinc-dcficient 
chick,  cells  remote  from  blood  vessels  were  much  delayed  in  their  development 
of  alkaline  phosphatase.  Zinc-deficient  chicks  fed  histamine  or  indomethacin 
showed  the  same  d.stribution  of  alkaline  phosphatase  as  did  the  zinc -deficient 
controls.  Since  these  compounds  grossly  moderate  the  leg  defect  it  appears 
they  may  be  acting  on  some  other  defective  metabolism  in  lhis  area  of  the  bone. 
Although  the  distribution  of  mucopolysaccharides  does  not  appear  to  be  affected, 
it  seems  possible  that  this  fraction  may  be  altered  in  some  other  manner.  High 
alkaline  phosphatase  activity  has  been  linked  to  extracellular  matrix  secretion 
and  specifically  to  mucopolysaccharide  synthesis.  Moreover,  antiarthritic  com¬ 
pounds  which  moderate  the  leg  defect  in  zinc-deficient  chicks  often  affect 
mucopolysaccharide  metabolism.  Therefore,  experiments  were  conducted  to  see 


i f  fhs  Swlfctw  sulfur  (g  major  ccrrjpcnsrjf  of  m  u  c  o po lysaccHorl ds  ia 
bolism  was  altered  in  some  manner  in  zinc-deficient  chick  bone. 


bo p.3)  rnsfa** 


RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


Two  experiments  were  conducted  with  day-old  White  Rock  chicks  without  seg¬ 
regation  according  to  sex.  The  birds  were  distributed  at  random  inko  groups  of 
15  each  and  placed  in  a  stainless  steel  battery  at  37°C  to  40aC.  Distilled  water 
and  feed  was  provided  in  dluminum  troughs.  Feed  was  mixed  every  two  weeks 
and  stored  in  a  refrigerator  until  it  was  fed.  The  composition  of  the  basal  soy- 
protein  diet  was  that  described  previously  (J.  Nu‘r.,  94,  527  (1968)).  The  basal 
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diet/  with  5  ppm  supplemental  zinc  (zinc-deficient  diet)  analyzed  approximately 
14  ppm  zinc  on  an  air  dried  bdsis.  To  obtain  a  control  diet/  80  ppm  zinc  as  zinc 
oxide  was  added  to  the  basal  diet  -  In  both  experiments/  5  groups  of  15  chicks 
were  given  1  of  3  dietary  regimes.  One  group  of  75  chicks  was  given  the  zinc- 
deficient  diet  ad  libitum.  A  second  group  of  75  chicks  was  given  the  control 
diet  ad  libitum.  The  final  group  of  75  chicks  wos  given  the  control  diet  restricted 
fed  so  that  their  dverage  weight  gain  was  approximately  that  of  the  zinc- 
deficient  chicks. 

35 

Radioactive  sulfur  as  N02  SO>,  carrier  free/  was  diluted  with  distilled  water 
to  give  a  stock,  solution  of  lOpCi  of  ^S/ml . 

In  both  experiments/  after  approximately  4  weeks  on  diet/  the  chicks  were  divided 
into2groups.  One  group  received  lOjuCl  of  I .  p  ;  the  other,  lOjuCi  of 
5S  by  gavage.  At  6,  12/  24,  48,  and  96  hours  after  isotope  administration,  5 
chicks  from  eachjaroup  were  killed  by  cervical  fracture.  The  legs  were  removed 
and  frozen  until  analyses  could  be  made. 

35 

The  S  content  of  the  complete  epiphyseal  plate  through  the  hypertrophic  zone, 
and  the  complete  primary  sponglosa  from  the  proximal  end  of  one  tibia  from  each 
chick  were  analyzed. 

The  average  weights  of  the  chicks  used  are  given  in  Table  1 .  In  both  experiments; 
the  chicks  fed  the  control  diet  ad  libitum  weighed  approxima'ely  50%  more  than 
the  chicks  fed  the  zinc-deficient  diet.  The  chicks  which  were  restricted  fed 
weighed  slightly  mote  than  the  zinc-deficient  chicks.  However,  the  weights 
were  close  enough  to  insure  that  the  amount  of  isotope  given  per  unit  of  weight 
was  approximately  the  same  as  that  for  the  zlnc-deflclent  chicks. 

35 

Table  2  gives  the  dpnVjng  of  S  found  In  the  fresh  epiphyseal  plate  and  Table  3 
gives  the  dpm/mg  of  Jo  in  fresh  primary  sponglosa  during  the  time  periods  stud  ed. 
In  the  experiment  1  (oral  administration),  bojdithe  restricted  fed  ana  ad  libitum  fed 
control  chicks  had  significantly  higher  peak  Incorporation  in  both  tissues. 

The  peak  level  of  isotope  incorporation  occurred  at  approximately  12  tayrs  after 
administration.  Zinc  deficiency  also  appeats  to  affect  the  removal  of  ^  0  from 
the  epiphyseal  plate  and  primary  sponglosa  of  the  chide.  At  the  48  hour  time 
period,  the  chicks  fed  the  control  diet  had  a  level  of  In  the  epiphyseal 
plate  equal  to  that  In  the  zinc-deficient  chicks,  fty  the  time  the  96  hour  time 
period  had  been  nwched,  the  chicks  fed  the  ad  libitum  control  diet  had  a  sig¬ 
nificantly  lower  content  in  both  the  epiphyseal  plate  and  primary  sponglosa. 

The  chicks  given  S  by  i.p.  injection  gave  essentially  the  same  results  os  the 
chicks  given  the  oral  administered  Isotopes  as  indicated  by  Tables  2  and  3. 
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35 

Although  zinc -deficiency  decreased  S  peak  retention  and  removal  In  the 
epiphyseal  plate  and  primary  spooglosa  of  the  chick/  a  reduction  of  the  (texo- 
*amine9  In  these  areas  did  not  occur*  table  4  shows  that  the  zinc-deficient 
chicks  had  a  nonsignificant  elevation  of  hexosamlnes  In  the  eplph/seal  plate, 
and  a  slight,  but  significant,  elevation  of  hexosamlnes  In  the  primary  sponglasa, 
these  results  suggest  that  the  metabolism  of  SO^  ,  an  Important  constituent  of 
mucopolysaccharide  In  the  area  of  bone  elongation  has  been  altered* 

CONCLUSIONS! 

the  effect  of  zinc  deficiency  In  the  chick  on  sulfate^ulfur  metabolism  In  the 
area  of  bona  elongation  was  Investigated*  Sulfur-35  Incorporation  Into  the 
epiphyseal  plate  through  lhe  hypertrophic  zone  and  fha  primary  9ponglosa  of 
tibia;  was  less  In  the  zinc-deficient  chicks  when  compared  to  the  zinc  supple¬ 
mented  groups*  the  results  suggest  that  the  metabolism  of  SCN  ,  an  Importer'  * 
constituent  of  mucopolysaccharide  In  the  area  of  bone  elongation  *vas  altered, 

fUBLlCATlONSi 

Nielsen,  E*H.,  k.f'.  Dowdy,  andZZ*  Zlporln,  "Effect  of  zinc  deficiency  on 
sulfur-35  and  hexosamlne  metabolism  In  the  epiphyseal  plate  and  primary  sponglosd 
of  the  chick,"  (manuscrlp*  prepared  for  submission  to  the  J,  of  Nutiltlon). 
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TABU  1 

AVERAGE  FINAL  BODY  WEIGHT  AND  WEIGHT  GAIN  OF  CHICKS 


TREATMENT 

AVERAGE  FINAL 

BODY  WEIGHT* 

AVERAGE 
WEIGHT  GAIN 

£ 

£ 

Zinc -deficient 

EXPERIMENT  1  (Oral  Administration) 

184 

146 

Zinc -sufficient 
restricted  fed 

203 

165 

Control 

313 

275 

Zine-deficlent 

EXPERIMENT  2  (i.p.  Administration) 

183 

145 

Zlnc-sufflclent 
restricted  fed 

203 

165 

Control 

303 

265 

"Body  weights  war#  Taken  at  4  week*. 
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TABLE  2 

d5S  content  in  epiphyseal  plate  at  time  intervals  after  a  single  ORAL  OR  i.p.  DOSE 

HOURS  AFTER  ADMINISTRATION 

TREATMENT  _ 6 _ 12 _ 24 _ 48 _ 96 

dprr/mg  fresh  tissue 
EXPERIMENT  1  (oral  administration) 


Zinc-deficient 

419° 

545° 

449° 

415° 

163° 

Zinc -sufficient 
restricted  fed 

873b 

1 554b 

I250b 

636b 

106° 

Control 

689b 

111/* 

86 7C 

427° 

59b 

EXPERIMENT  2 

(I.p.  administration) 

Zlnc-deflclent 

698° 

604° 

524° 

552° 

223° 

Zinc-sufficient 
restricted  fed 

I352b 

1 351 c 

965b 

586° 

190° 

Control 

705° 

996b 

643d' b 

574C 

72b 

a.  Mean,  5  chicks/group. 

b.  Values  followed  by  the  same  iettcrs  within  a  given  time  period  and  experiment  are  not 
significantly  different  (P  >  0.05)  from  each  other. 
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TABLE  3 

35S  CONTENT  IN  PRIMARY  SPONGIOSA  AT  TIME  INTERVALS 
AFTER  A  SINGLE  ORAL  OR  i.p.  DOSE 

HOURS  AFTER  ADMINISTRATION 


TREATMENT 

6 

12 

24 

48 

96 

dprr/mg  fresh  tissue 

EXPERIMENT  1 

(oral 

administration) 

Zinc-deficient 

136° 

169° 

140° 

163° 

119° 

Zinc -sufficient 

L 

L 

i_ 

restricted  fed 

24o 

559° 

455° 

31 1b 

107  ,b 

Control 

256b 

369b 

348b 

298b 

73b 

EXPERIMENT  2 

(i.p. 

.  administration) 

Zinc -deficient 

H0° 

268° 

259° 

296° 

152° 

Zinc -sufficient 
restricted  fed 

266° 

611b 

4910,b 

529°' b 

191° 

Control 

186° 

41 10/ 

b  365b 

458b 

88b 

a.  Moan,  5  chi  cks/g  roup. 

b.  Values  Followed  by  the  same  letters  within  a  given  time  period  and  experiment  are  not 
significantly  different  (P  >  0.05)  from  each  other. 
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TABLE  4 

HEX03AMINE  CONTENT  IN  EPIPHYSEAL  PLATE  AND 
PRIMARY  SPONSiOSA  FROM  CHICKS  FED  DIFFERENT  LEVELS  OF  ZINC 


TREATMENT 

DIETARY  ZINC 

TOTAL  HEXOSAMINE 

ppm 

mg/g  fresh  tissue 

Epiphyseal 

Plate  Primary  Spongi 

Zinc-deficient 

14 

11.54° 

8.61° 

Zinc-sufficient 

1 

restricted  fed 

90 

11.01° 

6.86° 

Control 

90 

11.00° 

6.84b 

a.  Mean/  5  chick$/group. 

b.  Values  followed  by  the  same  letters  within  a  given  time  period  and  experiment 
are  not  significantly  different  (P>0.05)  from  each  other. 
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23.  (U)  Tech  Objective:  To  determine  if  selenium  is  an  essential  or  beneficial  elemen 
and  if  it  is.  to  determine  its  role  in  the  biochemistry  of  the  body. 

24.  (U)  Approach:  The  initial  studies  will  involve  the  study  of  interrelationships  of  se 

lenium  with  other  nutrients  such  as,  methionine  or  cystine,  Vitamin  E  and  dietary  fat 
levels.  The  next  phase  of  research  will  be  the  study  of  various  ensyme  systems.  The 
future  direction  of  these  studies  will  be  dependent  upon  the  results  of  the  initial  atudie 
Studies,  utilising  radioisotope,  will  be  directed  at  determining  the  metabolism  of  sele-j 
nium  in  the  animal.  j 

25.  (U)  Progress:  (Jul  68  •  Jun  69)  Selenium  analyses  of  various  tissues  of  rats  fed  lo4 
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analyr  j  -  3T  nitrogen  balances  in  the  fifth  study  of  this  series.  Preliminary  evaluation 
of  the  results  indicates  that  selenium  deficiency  in  the  rat  increases  nitrogen  excretion 
hence,  nitrogen  balances  are  negative.  Statistics',  analyses  of  these  data  have  not  been 
completed. 
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Dietary  requirements  and  some  of  the  interrelationships  among  sex, 
methionine  ingestion,  vitamin  E  and  dietary  selenium  were  established 
for  the  production  of  a  selenium  deficiency  syndrome  in  the  rat.  Liver 
necrosis  and  hemorrhaging  develops  rapidly  after  feeding  weanling 
rats  a  deficient  diet  for  three  weeks.  Death  occurs  within  three  days 
after  cessation  of  growth  and  a  great  reduction  of  food  intake.  Selen¬ 
ium  analyses  of  tissues  from  deficient  animals  show  a  large  decrease 
of  the  selenium  contents  of  blood,  kidneys,  spleen  and  liver.  Selenium 
deficiency  increases  nitrogen  excretion  which  results  in  negative 
nitrogen  balances.  This  is  indicative  of  an  impairment  in  protein 
metabolism. 
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WORK  UNIT  NO,  061  Mineral  Metabolism 

PROBLEM: 

A  selenium  deficiency  affects  different  organ  systems  in  various 
species  of  animals;  however,  a  necrotic  degeneration  of  the  tissue 
results  in  the  susceptible  organ,  i.  e.  ,  liver  in  rats,  heart  and  kidney 
in  mice,  gizzard  in  turkeys,  muscle  in  sheep,  and  blood  vessels  in 
chickens.  It  has  been  observed  in  some  children  being  treated  for 
kwashiokor  that  a  positive  nitrogen  balance  could  only  be  achieved 
after  administering  selenium.  In  these  cases,  serum  levels  of  selen¬ 
ium  were  reduced  50%  in  comparison  to  unaffected  children  from  the 
same  geographical  region.  Dietary  supplementation  with  methionine 
delays  the  onset  of  the  deficiency  syndrome  in  various  experimental 
animals.  All  of  these  observations  are  consistent  with  the  hypothesis 
that  a  selenium  deficiency  results  in  a  defect  in  protein  metabolism. 

The  primary  objectives  of  these  studies  are  to  test  the  hypothesis 
that  selenium  is  required  for  protein  metabolism  and  if  the  hypo¬ 
thesis  is  true,  to  elucidate  the  mechanism  of  action  of  selenium. 

The  initial  studies  established  dietary  conditions  required  to  produce 
a  deficiency,  the  time  required  for  a  deficiency  to  develop  in  weanling 
rats  and  the  selenium  levels  of  various  tissues  of  the  animals.  The 
last  study  was  on  the  effects  of  selenium  deficiency  upon  nitrogen 
balance. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Five  studies  have  been  conducted  in  the  past  three  years  using  wean¬ 
ling  albino  rats.  Preliminary  data  from  these  studies  indicated  that 
either  vitamin  E  or  selenium  would  ameliorate  the  syndrome  produced 
by  feeding  a  torula  yeast -stripped  lard  diet  in  the  rat.  Methionine 
supplementation,  in  the  absence  of  added  selenium  and  vitamin  E, 
would  prolong  survival  but  eventually  the  animals  succumbed  to  the 
deficiency.  J.n  the  male  rat,  survival  appeared  to  be  related  to  the 
growth  rates  since  the  rats  died  when  they  attained  a  certain  weight 
range.  This  weight  range  was  elevated  as  the  dietary  level  of 
methionine  was  increased.  A  method  for  selenium  analyses  utilizing 
the  low  temperature  dry  asher  and  fluorometric  determination  of  the 
element  was  established  and  analyses  of  tissues  have  been  completed. 
Preliminary  evaluation  of  these  results  indicates  that  the  selenium 
deficiency  in  the  rat  increases  nitrogen  excretion  and  a  negative 
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nitrogen  balance  results.  This  would  indicate  that  a  selenium  defici¬ 
ency  impairs  protein  metabolism;  however,  statistical  analyses  of 
the  data  will  be  required  before  definitive  statements  are  made. 

CONCLUSIONS: 

A  selenium  deficiency  in  the  rat  reduced  the  intake  and  increased  the 
excretion  of  nitrogen  so  that  negative  nitrogen  balances  occurred. 
These  observations  would  indicate  an  impairment  of  protein  metabo¬ 
lism  in  the  deficient  animal.  Further  statistical  analyses  of  the  data 
are  required. 

RECOMMENDATIONS; 

Depending  on  the  results  of  the  selenium  deficient  animals,  other 
studies  may  be  designed  to  further  delineate  the  influence  of  selenium 
deficiency  on  nitrogen  metabolism. 


no 


RESEARCH  ANO  TECHNOLOGY  WORK  UNIT  SUMMARY 


»o  no  cores  1 


PROGRAM fLCMlNY 


RROJICT  NUMBER 


61 102A 


*.  CO«T«..UTI,o  |  6114501  1 


CDOG  1412 


c.  contributing 


It  Tine  'F'R'pJ*  XIA  ]<rH'ilp 


(U)  Haemopoietic  Metabolism  as  Related  to  Nutrition  Genetics  and  Metabolic  Disease 


■  2  SCiCHTtSlC  *NO  TtCHAOLOCICAl  ANZAS” 

002300  Biochemistry 


A  OATt5/ePPECTIVi 


t-  KINO  OP  A  N  ANO 


Not  Applicable 


It  RISPONSIML  e  POO  ONGANI  1  A  TIQM 


US  Army  Med  Rsch  fc  Nutr  Lab 
,•  Fitzsimons  General  Hospital 
Denver,  Colorado  80240 


neSNONSISLE  INOIVIOUAL 


“*“*  Canham,  J.  E.  ,  COL 
TCUCAHONC.  303  366  5311  X21108 


*•  GENERAL  USE 


Foreign  Intelligence  not  Considered 


ler ,  L.  ,  Maj. 


(U)  0lood  CeU  MeUboligm;  (U)  Red  Blood  CeU  En*ymeB 
(U)  Red  Blood  Cell  Membrane 


1*  technical  objective.  14  APPROACH,  IB.  PNOOftC  s$  { pwmfsA  ImM  «J  «AjrI  ps'iftspft  •  irfPoinisN  hy  numhf  prersM*  (»*r  of  »irh  Je«  ..»iiv  rtassltlcsM-v,  foil*  , 

23.  (U)  Tech.  Objective:  Red  blood  cells  contain  a  pentose  phosphate  pathway  and  an 
Embdem-Meyerhof  metabolic  pathway.  These  pathways  can  be  studied  in  red  cells 
without  the  complicating  features  of  pyruvate  oxidation,  mitochondrial  metabolism  or 
protein  synthesis.  The  pentose  phosphate  pathway  of  red  blood  cells  is  influenced  by 
a  variety  of  conditions  and  provides  a  means  of  study  control  factors. 

24.  (U)  Approach:  Riboflavin  and  ascorbic  acid  stimulate  the  metabolism  of  human 
red  blood  cells.  The  mechanism  whereby  these  substances  regulate  the  pentose  phos 
phate  pathway  will  be  investigated  by  measuring  the  amount  of  lT;02  generated  from 
l  - ’^C-glucose  in  intact  and  hemolyted  preparations  of  red  blood  cejl^s. 

25.  (U)  Progress:  It  has  been  found  that  riboflavin  stimulates  the  CO2  production 
from  1-  **C-glucose  intact  red  cells.  A  variety  of  analogues  of  riboflavin  are  also 
active  It  appears  that  riboflavin  is  interlocked  with  glutathione  in  the  regulation 

of  the  j^ntose  phosphate  pathway  regenerating  NADP+  .  Ascorbic  acid  also  stim¬ 
ulates  CO2  production  from  l-  C-glucose.  The  studies  to  date  indicate  that 
ascorbic  acid  also  is  interlocked  with  glutathione  metabolism  to  regenerate  NADP 
from  the  reduced  state.  The  maintenance  of  the  red  cell  membrane  depends  upon 
the  level  of  reduced  glutathione.  The  mechanism  of  this  is  currently  being  studied. 

It  may  well  be  that  GSH  and  NADP+may  regulate  red  cell  cation  movement. 
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To  Investigate  the  l-^C- 
glucos*  Metabollcra  In  Red 

Cells  from  Germ-free  and 
Pathogen-free  rats  on  Vitamin 
Deficient  Diets. 

Abstract.  Gena-free  and  pathogen-free  tats  have  been  kept  on  riboflavin, 
thiamine  and  folic  acid  deficient  diets.  The  metabolism  of  } -l^C-gluco*e 
has  been  studied  in  the  red  calls  from  these  rats.  These  vitamin 
deficiencies  do  not  appear  to  affect  the  pathogen-fire  and  germ-free  rat 
red  blood  cells.  The  rat  red  blood  cells  appear  to  resist  vitamin 
deficiencies)  when  the  pentose  phosphate  pathway  is  studied  by  means  of 
1-  ^C-glucose.  In  the  folic  acid  deficient  rats,  at  a  time  when 
gastrointestinal  enzymes  were  markedly  decreased,  the  rat  red  blood 
cells  showed  no  significant  impairment  of  the  pentose  phosphate  pathway. 

This  la  of  interest  since  folic  acid  gent-rate*  l’FN  from  TPNH  which  would 
be  of  importance  in  the  pantost  phosphate  pathway.  In  addition,  riboflavin 
is  implicated  In  the  control  of  the  pentose  phosphate  pathway  and  a 
deficiency  of  riboflavin  does  not  seeui  to  affect  the  pentose  phosphate 
pathway  of  the  red  ceil.  Similarly,  thiamine  which  is  involved  In  the 
tranaketolase  step  does  not  seem  to  have  touch  effect  on  the  Intact  red  blood 
cell  In  the  thiamine  deficient  gerra-free  rat. 
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Haewopoietic  Metabolism  as 
Related  to  Nutrition,  Genetic* 
and  Metabolic  Disease 


STUDY  NO.  I  To  investigate  the  1  l<*L-glu»  use 

Metabolism  in  ked  Gel  1b  Ftom 
Genn-rfree  and  Pathogen- [tee 
Rata  on  Vitamin  Deficient  Diets. 

PROBLEM : 

The  regulation  of  metabolic  pathways  is  poorly  understood  in  roost  tissues, 
particularly  in  tran,  The  red  blood  cell  is  a  convenient  tissue  in  which  tu 
study  metabolic  pathways  inasmuch  as  only  certain  of  the  pathways  ate 
present  and  complicating  features  such  as  nuclei  and  mltochondt ia  are 
absent.  Titus,  it  is  convenient  to  use  red  cells  for  the  study  ot  the 
pentose  phosphate  pathway  in  an  attempt  to  elucidate  the  mechani sms  of 
control  of  this  pathway.  Since  vitamin  deficiencies  were  being  studied 
in  gettfl-ftee  and  pathogen-free  rats  it  was  ideal  to  obtain  red  cells 
from  these  animals  to  study  the  pentose  phosphate  pathway  under  the  cun 
dltlons  of  various  vitamin  deficiencies.  Using  l-'^C-glucose  one  can 
collect  radioactive  carbon  dioxide  and  use  this  as  a  measure  of  activity 
of  the  pentose  phosphate  pathway  in  the  red  blood  cell.  The  animals  were 
on  riboflavin,  thiamine  or  folic  acid  deficient  diets.  R* bo f Levin 
accepts  hydrogen  from  reduced  TPN,  thus  regenerating  TPN,  It  has 
already  been  established  that  riboflavlh  accelerates  the  pentose  phosphate 
pathway  when  added  to  intact  red  cells,  particularly  to  red  cell  hemo- 
lysates.  Thiamine  Is  an  important  cofactor  in  the  trensketolase  step  in 
the  pentose  phosphate  pathway  but  not  directly  connected  to  the  pro¬ 
duction  of  COjj  or  regeneration  of  TPN.  Folic  acid  is  present  in  red 
cells  and  la  tranafonued  to  tetrahydrofolic  acid  utilizing  TPNH  thereby 
regenerating  TPN.  Rather  large  aaounto  of  exogenously  added  folic  acid 
are  necessary  to  stimulate  the  pentose  phosphate  pathway.  This  may  be 
in  part  due  to  a  slow  uptake  of  folic  acid  by  intact  red  cells. 

Theoretically  it  is  possible,,  however,  for  folic  acid  to  be  regulated  by 
and  to  regulate  the  pentose  phosphate  pathway  by  means  of  the  shuttling 
of  TPN  between  the  two  pathways. 

RESULTS  AMD  DISCUSSION  OF  THE  RESULTS : 

Getm-ftee  and  pathogen-free  rats  Were  placed  on  riboflavin  or  thiamine 
deficient  diets.  Rtd  cells  were  obtained  and  the  pentose  phosphate 
pathway  waa  studied  by  meant  of  the  production  of  from  1  -  ^C-plucose . 

In  general,  the  Intact  red  cells  vet*  resistant  to  the  effects  of  tne 
riboflavin  or  thiamine  deficient  diets  with  regard  to  the  pentose  phos¬ 
phate  pathway  with  and  without  added  cofactors.  The  intact  ceils  were 
poorly  stimulated  by  the  addition  of  riboflavin  and  NADP  to  the  incubation 
media,  ttesao lysates  could  be  stimulated  but  the  vitamin  deficient  state 
did  not  seem  to  have  an  influence  on  the  degtee  of  stimulation.  There 
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Disease  (Cant'd) 

Appeared  to  be  acme  subtle  differences  but  these  did  not  appear  to  be 
physiologically  elgniftcint.  Hi  a  ease  taalatanca  was  eecn  in  Intact 
red  cell*  from  folic  acid  deficient  animals.  At  a  time  when  the  folic 
acid  deficient  animal*  had  decreased  vneyme  activity  in  tha  gestro- 
lnteetinal  tract  the  red  celle  did  not  appeat  to  be  effected  by  the 
folic  acid  deficient  state,  the  intact  cells  stimulated  poorly 
to  the  added  cofactors  while  the  htRnolysete*  did  respond  but  the 
response  was  not  consistently  related  to  the  folic  acid  deficient 
state, 

CONCLUSIONS  t 

Rad  calls  obtained  from  animals  an  riboflavin,  thiamine  ot  folic  acid 
deficient  diets  show  no  change  in  the  pentose  phosnhate  pathway  as 
measured  by  release  of  on  incubation  with  i-^C^glucosa,  Xven 

though  these  cofactors  are  implicated  indirectly  in  tha  regulation  of 
the  pantos*  phoephata  pathway  this  does  not  stem  to  be  the  case  in 
the  vitamin  deficient  rat  red  blood  ceil.  We  must  conclude  that  tha 
intact  rat  red  blood  ceil  is  not  the  most  suitable  tissue  for  the 
study  of  this  regulatory  phenomena,  it  probably  would  b*  more 
significant  to  study  this  In  humans.  However,  it  is  much  s»re 
difficult  to  apply  vitamin  deficient  diets  to  man  than  animals,  The 
resistance  or  the  rat  rod  calls  to  vitamin  deficient  diets  may  be 
dut  to  a  species  difference  and  stay  not  necessarily  indicate  that 
these  particular  cofee  tore  ata  not  important  in  tha  regulation 
of  the  pentose  phosphate  pathway. 

HKCOHKXNDATtONBt 

It  would  seem  wore  fruitful  to  catty  out  studies  involving  these  cofartors 
in  human  red  cells  and  such  is  being  contemplated. 
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1.  Herman,  Y.P.,  H,K,  Saubetlich  and  N.H.  Herman.  Comparison  of  the 
1-l^C-glucose  metabolism  between  red  blood  cells  of  germ-fte*  and  pathogen 
free  rats  on  riboflavin  and  thiamine  deficient  diets,  Germ-free  biology, 
Plenum  Press,  I9i9,  p.323. 

2,  Harman,  Y.P.,  J.W,  KcHugh  and  R.H,  Herman,  the  i-^C-glucose 
metabolism  of  red  blood  ceils  of  germ-free  rats  on  a  folic  acid  deficient 
diet.  Ptoc.  of  the  8th  Annual  Meeting  of  Association  for  Cnotobiotics , 
Oahridge,  Tennessee,  June  10-13,  1969  (in  Press). 
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23.  (U)  Tech  Objective:  l)  To  provide  aurglcal  support  for  research  projects  carried 
on  by  thle  Laboratory.  2)  Vo  provide  surgical  support  for  research  program*  under¬ 
taken  by  tha  personnel  of  rttasimons  Oenerai  Hospital.  3]  To  conduct  research  for 
new  and  improved  eurglcsl  procedures.  4)  Ta  provide  training  in  surgical  techniques 
for  students  of  tha  Clinical  Specialists  Course  (FOH). 

24.  (U!  Approach:  A  study  to  determine  the  effects  of  coronary  stretch  receptor#  on 
renal  function  is  in  progress.  The  effects  of  high  altitude  and  hypoxia  on  cerebro¬ 
spinal  fluid  pressure  are  being  studied.  A  pilot  study  to  determine  the  feasibility  of 
using  pericardium  as  a  vi  nous  graft  is  being  supported.  The  metabolic  effects  of 
glucagon  and  adrenaline  in  intact  and  pancreaactomised  goeee  and  doge  is  being 
studied.  The  study  of  the  feasibility  of  limb  replantation  is  being  supported.  A 
pilot  protect  to  determine  the  cause  cf  snostosie  in  dogs  is  in  propose,  a  program 
for  student  (Clinical  Specialist's)  training  in  surgical  tscbnlqus*  is  currently  being 
provided. 

23.  (U)  Progress! Jul  68-Jun  69)  All  of  the  above  studies  and  support  programs  arc 
curisntly  in  process.  Progress  ta  being  made  in  all  areas.  During  the  past  year 
40  minor  and  100  major  operative  procedure*  were  performed.  Appi oalmateky  40 
Fitselmona  General  Hospital  aurglcal  residents  and  intern*  utilised  the  laboratory 
surgical  facllitiss  during  the  past  year.  Aleo  during  the  past  year,  60  CLnicai 
Specialists  received  training  tn  euturing  techniques  of  lacerations  and  wounds,  in 
addition  to  the  minor  procedures  llstsd  above, 
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WORK  UNIT  NO. 


A  n.STRAOT 


3A0f>l  102  07  1  R  Research  in  niomedital  SriciK  cn 

02  Internal  Medicine 

Kxperlmental  Surgery  in  Support 
of  Medical  Research 

During  the  pant  soar,  surgical  support  for  the  following  USAMRNL 
projrctB  lias  been  given:  (1)  cardiovascular  anti  hematological 
effects  of  prolonged  starvation  followed  by  refeeding  in  swine;  (2) 
determination  of  the  etiology  of  canine  etiostoHiat  (3)  effects  of 
coronary  sinus  stretch  receptors  lit  renal  function;  (4)  the  meta¬ 
bolic  effects  of  glucagon  and  adrenaline  In  intact  anti  pancr eateetom- 
ifced  gecBe  and  dogHi  ami  (S)  tile  effects  of  high  attitude  and  hypoxia 
on  the  cerebrospinal  fluid  pressure  in  dogs. 

Surgical  support  for  rcBcnrch  conducted  by  personnel  of  Fltr.s imotis 
General  liospitul  has  consisted  of:  (l)  the  feasibility  of  canine  limb 
replantation  and  transplantation)  (2)  the  feasibility  of  using  peri¬ 
cardium  for  large  venous  grafts,  and  (3)  the  effect  of  laclated  Ringer's 
solution  in  30'!', i,  40'!,»  and  f>01',i  bled  dogs. 

The  surgical  facilities  of  USAMRNL  have  been  used  by  approximately 
40  Kitr.slmona  General  Hospital  surgical  residents  and  interns  during 
tlie  past  year.  Also  HO  clinical  specialist  trainees  have  received 
training  in  suturing  techniques  of  wounds  and  lacerations  during  the 
past  venr. 
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WORK  UNIT  NO.  055  Experimental  Suffer  y  in  Support 

of  Medical  Research 

PROBLEM: 

The  objectives  of  this  work  unit  have  continued  to  be  primarily  two¬ 
fold:  (1)  Surgical  support  for  physiological  and  metabolic  studies 
and;  (2)  Surgical  support  of  clinical  research  and  teaching  activities 
by  Fitzsimons  General  Hospital  personnel. 

RESULTS  AND  DISCUSSION: 

A  study  to  determine  some  cardiovascular  and  hematological  effects 
of  prolonged  starvation  followed  by  refeeding  in  swine  was  supported. 
Heart  rate,  arterial  and  pulmonary  arterial  blood  pressure  were 
measured,  using  indwelling  catheters  in  swine  that  had  been  starved 
28  days  and  refed  16  days.  The  heart  rate  and  arterial  pressure 
decreased  below  normal  during  starvation  and  increased  to  above 
normal  during  refeeding.  Pulmonary  hypertension  developed  during 
refeeding. 

Canine  eosinophilic  panosteitis  or  enostosis  was  studied.  This  dis¬ 
ease  was  followed  radiographically  for  six  months  during  the  acute, 
inactive  and  healing  phases.  Extensive  bacterial,  mycoplasma  and 
viral  culture  studies  were  performed.  Bone  marrow  specimens  con¬ 
tained  a  Corynebacterium  spp. ,  evidence  of  mycoplasma  or  viral 
infection  was  not  found. 

Surgical  assistance  is  being  given  to  a  study  to  determine  the  effects 
of  coronary  sinus  stretch  receptors  on  renal  function. 

Surgical  assistance  is  being  given  to  a  project  designed  to  study  the 
metabolic  effects  of  glucagon  and  adrenaline  in  intact  and  pancrca- 
ectomized  geese  and  dogs. 

The  effects  of  high  altitude  (14,  000  -  16,  000  ft.)  and  hypoxia  on 
cerebrospinal  fluid  (CSF)  pressure  in  dogs  are  being  studied.  Anes¬ 
thetized  dogs,  with  indwelling  catheters  in  the  subarachnoid  space, 
placed  in  an  altitude  chamber  are  being  utilized.  Preliminary  data 
at  this  time  Indicates  a  probable  tenfold  increase  in  CSF  pressure  at 
14,000  -  16,000  feet. 

A  project  to  determine  the  feasibility  of  limb  replantation  with  and 
without  preservation  is  being  supported.  The  project  is  under  the 
direction  of  Fitzsimons  General  Hospital  personnel.  At  the  present 
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time,  no  surviving  limbs  have  been  obtained  using  hyperbaric  oxy¬ 
genation  as  the  means  of  preservation.  Transplantation  of  canine 
iimbs  hasalso  been  tried.  The  use  of  antilymphocyte  serum, 
ItnmuranQii  and  corticosteroid  drugs  has  allowed  some  of  the  limbs 
to  survive  up  to  60  -  90  days  before  they  were  rejected. 


A  pilot  project  from  Fitzsimons  General  Hospital  to  determine  the 
feasibility  of  using  pericardium  as  a  venous  graft  in  the  anterior 
vena  cava  of  dogs  is  being  supported.  Approximately  25  dogs  have 
been  operated.  Ninety  day  survivors  have  been  obtained  before  the 
grafts  have  become  occluded. 

A  project  from  Fitzsimons  General  Hospital  to  determine  the  effect 
of  hemodilution  on  cardiac  output,  cardiac  oxygen  utilization  and 
tissue  oxygenation  following  hemorrhage  was  supported.  Thirty 
splenectomized  dogs  were  bled  30%,  40%  and  60%  of  their  estimated 
blood  volume.  Three  times  the  volume  of  shed  blood  was  replaced 
with  lactated  Ringer*s  solution.  The  following  measurements  were 
made:  hematocrit,  cardiac  output,  oxygen  tension  of  cerebrospinal 
fluid,  urine,  blood  in  the  coronary  sinus,  arterial  blood  and  systolic 
and  diastolic  blood  pressure.  Although  this  study  has  been  completed, 
the  data  have  not  been  made  available  to  the  collaborating  staff  of  this 
laboratory. 

The  surgical  facilities  at  USAMRNL  are  also  being  used  by  Fitzsimons 
General  Hospital  personnel  for  surgical  training  of  interns  and  resi¬ 
dents.  Approximately  40  Fitzsimons  General  Hospital  surgical 
residents  and  interns  utilized  the  laboratory  surgical  facilities  during 
the  past  year.  Finally,  a  surgical  training  program  for  students  of 
the  Clinical  Specialists*  Training  Program  at  Fitzsimons  General 
Hospital  is  being  conducted.  During  the  past  year,  80  clinical  spe¬ 
cialist  trainees  have  received  training  in  suturing  techniques  of 
lacerations  and  wounds. 


CONCLUSIONS: 


Surgical  support  for  physiological  and  metabolic  studies  by  USAMRNL 
staff  is  being  provided.  New  surgical  techniques  and  improvement  of 
standard  techniques  are  being  sought.  Surgical  support  to  research 
programs  carried  on  by  Fitzsimons  General  Hospital  is  being  given. 
Student  training  has  been  successful  and  will  continue. 
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PUBLICATIONS: 

Evers,  W.H,  Enostosis  in  a  Dog.  J.A.  V.  M.  A.  154  (April  1,  1%9) 
799-803. 
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23.  (U)  Tech  Objective:  To  maintain  animals  used  by  the  divisions  of  the  laboratory 
and  to  detect  and  study  diseases  of  laboratory  animals, 

24.  (U)  Approach:  Animals  are  housed,  exercised  and  fed  in  accordance  with  experi¬ 
menters'  directions  and  humane  principles.  Routine  and  special  pathologic  and  clini- 
copathologic  technics  are  used  to  elucidate  cause,  pathogenesis  and  pathologic  altera¬ 
tions  of  diseases  in  laboratory  animals.  Some  technics  used  are  light  and  electron 
microscopy,  histochemistry,  enzyme  histochemistry,  clinical  examinations,  clinical 
laboratory  teats  and  photographic  recording  of  lesions. 

25.  (U)Progressf  Jul  68  -  Jun  69):  Approximately  4580  animals  were  acquired;  680  of 
these  (rodents)  were  bred  and  reared,  the  rest  purchased.  Included  were  2882  rats, 
420  mice,  29C  guinea  pigs,  216  dogs,  600  chickens,  80  rabbits,  30  monkeys,  and  les¬ 
ser  numbers  of  turkeys,  ground  squirrels,  tree  shrews,  gerbils  and  cats.  These  fig¬ 
ures  do  not  reflect  animals  maintained  this  year  but  acquired  during  the  previous  year 
(caimans  and  many  dogs).  726,  including  561  necropsies,  were  accessioned.  These 
cases  generated  5,342  tissue  blocks,  more  than  7000  H&E  slides,  and  more  than  1100 
specially  stained  slides.  142  cases,  each  consisting  of  several  specimens,  were  ac¬ 
cessioned  for  electron  microscopy. 

Tissue  collections  were  completed  for  studies  of  Dietary  Steatitis  in  Caimans, 

Staphlococcal  Infections  in  Rabbits,  Feline  Infectious  Peritonitis  and  Turkey  Myopathy 

Studies  have  been  initiated  in  Vitamin  D3  therapy  for  Simian  Osteodystrophy,  Steroid- 

induced  Osteomalacia  in  Rabbits  and  Steroid  Withdrawal  in  Dogs. 

Four  oral  presentations  and  7  publications  resulted  from  tnia  work  unit  and  are 
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Research  in  Biomedical 
Sciences 


TASK  NO.  02 


Infernal  Medicine 


WORK  UNIT  NO.  057 


Maintenance  of 
Animals  and  Study 
of  Pathology  of 
Animals  Utilized 
in  Research 


This  work  unit  covers  the  division's  studies  in  diseases  of  laboratory  animals, 
the  maintenance  of  animals  used  by  all  divisions,  the  conduct  of  a  training  program 
in  veterinary  pothology  and  the  provision  of  pathology  services  to  other  laboratory 
divisions. 

Seven  hundred  twenty-six  cases,  including  561  necropsies,  were  accessioned. 

These  resulted  in  5,342  tissue  blocks,  more  than  7,000  H&E  slides,  more  than 
1,100  special  ly-stoined  slides,  and  a  few  thousand  unstained  slides.  These 
materials  are  used  in  the  Veterinary  Pathology  Preceptorship  Program  in  addition 
to  supporting  case  studies  and  publications. 

About  4,600  animals  were  reared  or  obtained  from  outside  sources.  Included 
were  2,882  rats,  420  mice,  290  guinea  pigs,  216  dogs,  600  chickens,  80  rabbits, 

30  monkeys  and  approximately  50  eoch  of  turkeys,  gerbils,  squirrels  and  a  smal  I 
number  of  tree-shrews,  caimans  and  iguanas. 

The  total  numbers  of  animals  used  and  of  tissue  processed  are  somewhat  less  than 
FY  68  (except  80%  increase  in  number  of  dogs  used,  30%  increase  in  number  of 
mice  and  several-fold  increase  in  number  of  chicks).  The  decrease  reflects  the 
laboratory -wide  personnel  shortages  for  the  year,  as  well  os  a  possible  trend  away 
from  morphologic  methods  and  in  vivo  studies.  Pathology  Division  generates  most 
of  the  requirements  for  tissue  processing.  Technician  shortages  have  required  cur¬ 
tailment  of  microslide  production. 

In  vivo  phases  of  studies  carried  over  from  FY  68,  involving  investigations  of 
spontaneous  disease  of  animals,  were  completed.  For  most  of  these  the  tissues 
ore  not  completely  processed  or  the  slides  read  and  the  data  tabulated  (Myopathology 
in  Turkeys,  Steotitis  in  Caimans,  Staphylococcus  in  Rabbits). 
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WORK  UNIT  NO.  057 


Mo  nrenorce  O*  Animal 
and  J'jdy  of  Po‘ "olo'jy 
o'  Animals  U’ilized  in 
Reseoi  c 


PROBLEM: 

1.  To  detect,  diognose  and  study  disease  occurring  in  this  laboratory's 
onima!  colony  ond  to  initiofe  studies  designed  to  elucidote  the  noture,  patho¬ 
genesis  ond  pathology  of  diseoses  of  laboratory  animols. 

2.  To  mointoin  animols  used  by  oil  divisions  of  the  laboratory. 

3.  To  provide  pathology  service  to  the  laboratory.  This  function  also  supplies 
case  material'  ond  support  for  the  Veterinory  Pathology  Preceptorship  Program, 
o  program  designed  to  froin  career  VC  officers  in  animal  pathology. 

RESULTS  AND  DISCUSSION  Of  RESULTS: 


1 .  As  in  previous  years,  spontaneous  diseose  was  rore  in  the  onima'  colony. 

This  is  attributed  to  careful  husbandry,  careful  selection  of  onimol  suppliers  and 
the  nature  of  the  studies,  which  require  younger  animols,  primarily.  There  were 
o  smoll  number  of  rabbits  purchased  with  hepatic  coccidiosis,  some  with  eor  mites 
ond  some  rots  with  chronic  murine  pneumonia,  but  the  total  number  wos  very  smoll. 
Dogs  from  a  locol  municipal  pound  occosionolly  develop  respiratory  disease  or 
enteritis  during  the  first  few  days  of  conditioning  but  most  respond  to  therapy. 

Those  which  do  not  respond  usually  hove  conine  distemper  ond  ore  euthonotized. 

2.  Diagnosis  of  Tyzzer's  Disease:  One  shipment  of  young  rots  contained  o 
number  of  animols  which  toiled  to  grow  normolly  prior  to  being  ploced  on  experi¬ 
ment.  The  "poor  doers"  were  sacrificed  ond  several  hod  focol  nepotic  necrosis 
ond  slightly  distended  intestines.  In  one  such  rot,  typicol  intracytoplosmic 
bacterio  (Bacillus  piliformis)  were  present  in  hepotocytes  ond  intestinal  epithelium. 
These  organisms,  which  cannot  be  grown  on  ortificiol  media,  were  not  found  in 
the  other  similorly-offected  animals.  This  is  apparently  the  firsr  recorded  incident 
of  this  diseose  occurring  spontaneously  in  rots.  At  presentation  of  this  cose  at 

the  1969  meeting  of  the  International  Academy  of  Pothology,  on  investigator 
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from  Yol*  University  ScHoO'  of  Medicine  commented  thof  ne  read  expe-ienced 
o  similar  outfeneok,  but  in  rO*s  olreody  on  experiment.  Gjr  cose  is  >e  ng 
reodied  for  publication. 

3.  Pathology  Service. 

a.  Light  microscopy. 

Id  addition  to  introdi  visional  research,  input  includes  submissions  from  inves¬ 
tigators  of  other  USAMRIUL  Divisions,  some  from  Clinical  Reseorch  Service,  Fitzslmons 
General  Hospital  andspeciol  coses  solicited  from  the  Denver  Zoological  Park, 
private  veterinary  practitioners  and  the  Animol  Service  of  the  University  of  Colorado 
Medical  Center.  The  special  cases  provide  varied  species  and  disease  conditions 
for  the  training  program. 

Seven  hundred  twenty-six  coses,  including  561  necropsies  were  occessioned. 
these  resulted  in  5,342  tissue  blocks,  more  thon  7,000  slides  stained  with  hematoxylin 
and eosin,  more  than  1 ,100  stained  with  special  stains  and  approximately  7,000 
unstained  si  ides.  The  decrease  in  this  Output  when  compared  to  FY  48  is  attributed 
to  the  overall  USAMRNL  personnel  shortages  as  well  as  possible  trends  away  from 
morphologic  method^  of  Investigation.  Further,  Pathology  Division  generates  me 
largest  requirement  for  tissue  processings  overhead  microslide  production  has  been 
curtailed  by  technician  shortage. 

Whi l«  the  qualify  of  microslides  produced  is  general  ly  very  good,  there  is  o 
backlog  of  approximately  100  coses  <w  this  time.  This  results  from  one  civilian  (GS-7) 
position  which  was  voeonf  For  the  last  1 1  months  of  FY  68  due  to  the  hiring  freeze 
and  actual  strength  of  1-3  enlisted  technicians  for  the  year  when  six  are  authorized 
and  required. 

a.  Electron  Microscopy. 

This  service  has  been  performed  by  an  MSC  electron  microscopist  with  the 
aid  of  an  equivalent  of  1  technician  (2  port-time),  in  addition  to  Work 
Unit  054,  Infrastructure  of  Animal  Tissue,  which  is  reported  separately,  ultra- 
sfrucfurol  studies  have  been  carried  out  collaboratively  with  USAMRIUL  divisions, 
with  several  services  of  Pifzsimons  General  Hospital  and  with  the  Nationol  Jewish 
Nbspital,  Denver.  There  were  approximately  140  electron  microscope  assessions 
urxter  the  057'  work  unit,  resulting  in  some  220  photographic  plates. 
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Ma  "‘e  tree  of  AfiflO  i  > jO>  >»  Pa*  -o-  >g  V  Ar  **i ‘-„  /<*J  - 

Seveo'C-  iCiy-  d‘ 


Innumerable  apQO't,ni?;es  fa*  etecnw4  micoscop  c  i/a-  'O1  v-  y  c^o^ge; 
no'ed  ^-irh,  rhe  Ugi-»  microscope  -ad  *a  ae  aver.ooked  oeco>  -,c  s'C^ogr  o*' 
reel-nice'  nelp.  Similarly,  there  3  rory  jnexpuye d  yeo  in  .yirrev' jc^ra 
cha<  octerizetion  ef  tissue  of  normal  laboratory  onlmols.  T-e  na-moi  , 1  o-astrjc t jr« 
must  be  defined  os  o  basis  far  evaluation  of  chonge  pro duced  oy  experimenro-son. 
These  important  and  productive  ore os  now  go  unexplored  for  lock  of  sufficient 
technical  help, 

c.  Autoradiography. 

A  col  loborofive  study  wills  die  University  of  Colorado  Chemists-/  Deportment 
on  Yitomin  C  generated  approximately  1  $6  micros! ides  which  were  cooted  with, 
photographic  emulsion  ondwill  be  examined  for  eeilulor  loeot'on  of  trifioted 
oscorbic  ocids  on  2  otsd  A-mieron  thick  frozen  Tissue  sections. 


d.  Clinical  pathology. 

Procedures  performed  were  in  support  of  reseotch  projects  otsd  the  animal' 
colony.  During  the  reporting  period  the  following  were  performed':  31  9  whi  te 
blood  cell  counts,,  2\2  pocked  red  cell  volumes,  1 1 A  hemoglobins,  49  -ed  blood 
cell  counts,  22ft  reticulocyte  counts,  25  sedimentation  rotes,  27>  differentials, 
ond2A7  other  blood  determinations  including  SUM,  enzymes,  glucose,  cholesterol  p 
others  included  determinations  of  69  urinalyses  ond  1 86  fecal1  examinations.  The 
smaller  number  of  onolyses  performed  reflects  the  reduced'  number  of  animal's 
utilizedby  the  lobe xofory,  os  well  os  the  shortage  of  technielons:  while  more 
fVeguenf  followups  may  hove  been  desirable  in  certain  coses,  most  optional 
determinotions  were  eliminated.  When  tests  were  considered  importont  but 
staffing  wos  inodeguote.  Pathology  Service,  YGtf  kindly  performed  many 

-sA  r*  ^  A.  A  «***■  ..4A  x  >  I  (**4.V\  AAA 

I  w  • . .  «  vi  »w»r  W  l  I  t  Vl  i\#  ItWtVrf  «v  V*  y  ^  »  W.  IN  WHII  \><WlAy  <-<  I  '  V,  I  \  I  I  I  1  I  S»>  I  *~  --r^- 

on  YDY  for  3  months  of  YY  43  and  performed  many  I'oboratory  procedures.- 


e. 


Thin -Section  microscopy. 


Thin-section  microscopy,  in  which  tissue  sectionsare  fixed  and- embedded 
by  technigues  suitable  far  electron1  microscopy,  and  cut  at  6,5  to  2  microns 
thickness,  provides  for  el'egont  morphologic  analysis.  The  merits  of  this  fechnigue 
and  our  hopes  to  expand  its  use  ate  described  in  the  Annuo!'  Report  for  YY  l!948u 
During  the  second  guatfet  of  Y  Y  76,  necessoty  laboratory  space  wi  W  be  avaiibblb 
and  we  shal  I1  begin1  to  dlevelbp  methods  at  that  time. 
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"f  V >*/  y  sr  Ay  «&  ,  y  -3r*s  «, 

toMre"  <#/ 

■4.  ArtiHO*  Sc^'e#, 

Animat  at'*  pWiMOHti,  **-<5 o*etf®*d  *Oi  .« ve,;b.gei*'  v>  y  5  ■{•  ,  nv', 

fbf  Cl'Wed*  ft,*»»a»'6*‘  Ser/ce,  ?G^.  A  y  »v;  v  W4  /  4. 400  ^■■’■c  > 

VHfftt  abtata*d  Mb*l  bolSid*  SOo"i*S  V  'e®-*d.  T“.i>  Sortie-  !ec  '>d*S  /,  i82  -y  v 

4l0'(r:««/,  296  gi»ine®  Mgs,  2:‘5  ^  406  civets,  30  **<•  &  -s,  36  fuykd/; 
opfKWirtne'eA/  56 «*;>,  V  ^riv; :s  and  <**d a  be*  *vr.<-  grio'-d'  do.--*  -r, 

tVee  screws,  cxtfmens  artf  T-ev*  ^o'-be'-;  3»-8  so^evr-ry*  ;o,<re-  '■&■■  -•os* 

I'ty  fV"  4S>  hr  Me  reasons  erded  .yder  >&‘-'j>>yt  ce,  de s  '/-.  e  o- 
i?v**«'il£»'ive  IrH^awS  rtdl*  *V  ■*>***>;■!•/  dtependbr*)*  jd&-!  aMiny  >se  as  its  pre/a>,s 
years.  THe  number  af*  dbg&  >S*d  did  inereose  by  36 'b,  -ewi'/ir,  yd  ->•  yd 
chicks  eere  <rtl*v  used!  ;«•  grower  number 


fcasil'ifies  Mr  ort'i1  animate  eycep**  dbgs  tv*  ay'isMeto" />  “er  a*1  •'He  36  -iryke/; 
ore  housed^  or  /WftiMt,  Me  f^ir^d4  dime  Mis-  spec  i  vs  -ee  aeenv  <>  s:  '.g'e  room  is  s*4 
asidb  fa*  MeW*  uee,  ijreeludKn^  quoranKrt*  ot  ed^K***,®;1 mty-keys  >*-.61'  Me  pri-se-r 
grMp>  is  Mtri  Vi'cedL. 

fiNsgi  Hati'Crfies  confirmer  to  be  inadequate,  '/A  are  yri'ltaiag*  dbgis  cwverrjy  or 
S-1'6  jjer  eewk,  wiM  tomovwr  a f  apprawimofelly  2-3  vrweks  Mv  mwe  Mar  -,o  J  toe 
dbg*y  Adequate  quarantine  IbcMli-Mes  db  nor  e*isr,  Wiysieo*1  segra^y*  :-•*  is 
<JrtV»ti|MV*d(/  Oy*4y<d(  cd^ss  otco^modb^#  56-!:06  dbqs  «-a  ;«■  cs«y 
<u*amjn>i9l  (jKaMwd*  iw*y(*?i<c.;teiM'  9f>ac&.  ffi-ftaan  d>  26  db^s  ^'i!  di-os*  n  e/cvA 

</  aw  dbg)  ddyiTfy>  vw*  iioot'dbdi  toaimarsiiy' f/  «*  <>  i*.«9*^>y  liraon*", 

«*  <*  s<J^  <X*  ^406  h*?Y  &> 

Artimd1  saf'/Wda  ia»ll*>  i-rteAvdb*  rt*,a  ?aar#i>-,g  o^  *>  a^ffrat-iit-ar-vyi1  o-  mo  . 

Wh1  dfai^  <»da  fda^yadutl*/  tfamtmwidWI  by  Arn'w»'!  ca,  “o  i*i*«  jK«v,d'^'>v- 
<y  Me  M 6y»Hdir  <*id!  Ml  <J&  sc^edt/edy  vriM'  r^coi'db  liw'  ^  fltdcy'J  crs./-ad/ 
anieiwl  vneig^i'y  ei*e^  TKi^fy-fa^  Sxib  d^e4*  aad*  to*i|®ix»*dbdi  dbdiwij  -  (  (/>. 

SeveddH1  aare  ftd  *'env!'tbn«ooSl!y  tor  d<i#«ren»'  »*jd>ias.- 

5.  flW  V«Wi«w/  iXaMo^bg)/  ^ece^sh^  frog,-®*1,  diasi.-'bed)  ;«■  rua  ?  /  iH 

Adseow (I  is  ®  (bymMv  SGO-i,«dognvyedl  jVo^iMi-r.g)  ^ogra^v  WiA.W^ii 

(►®M<yfe>g)/  WyTsisse1  Ad*  Nt*  \ Kese^ed*  abo  priyessi-rtgi  T-,e 

MKiysAwedl  |P®'i'ioe‘  o#  M#  (Mf*gr<a*tv  sonsis^  ot  dbi'ly  -ho>c  seiMvF,a»*s  ^renrrt/&d)  by 
Me  (dri*!1  VC  attiow*  t\<tf  fj**  Me  ; weee^e«s'>  owd  o»  v*ee(t!i/ 

sii^db  fAe  seAediySe  is  by  Me  I^vis-W'  CAia^/  ebo  is 

iFdAMidg)  lewWJefe  oorvfbt  at  ati  p&Ma?/  costa  and  pen*  case  Miles,  *a  tcc I'ydb 
e^MJseH  eyernyfyar*^,  fOfhata^,<c  eyon*,  rtecyoesy  o-d  eflecMiy  mi'crbsc-opy.- 


Vc.  y  Af.sm&y  >'<i  y  *3T  &  yy.  Ar  *v>  l  j"  ■  -i&i  '*■ 

:  Cy'  # 

4,  $p*s  **  -t  S''y#*',  yi^e*-  *»**  /*><  y  ' 

3-  Vy  sons' •  o' ‘yyr  "•*  1y<e f,:  ?-••;  *»•>>  Ayy'beii  ■'*•*  ?  f  Arr>,y 

fr«eiyv  ■*  y4  w<"/;  :A  y  y-vt'S’jy'  ■*>  >.e  **<*-  4<n>>ae  y1  y  syvsyey,1!  ^eye'e-y  ✓* 

(Hy*><v*y  e-evyye'e^  :«■  >.c  tHrc«  -*,-y  v<t/  F-e  #•««»  ’<y 

6e  j*ye-*e-y  A^tp'e*"e'rty"'y  #  ■*•  y'y  -v  <yyyytry' ,  ie"e**v*,  y 

se  e*,vyi  -s\y*sp»-e*fy  _•  Ik*  ?  /  •4'V,  grvyjis.  sA  y>dk  *>y*  yen '  ’yrytdi  *\is>  a’-yyyii'a’ys 
y  *ie>  ysdfvt  **s,,  *y -’eyeye  **e  Aseye,  F’dbrfyr?e,t  yd»  «Ayyyy.c-  y1 
toese  y^r  ^';  *«jve  see*-  cfcyyr^ysdv  ydl  j*e  tufiliye#  y<*yf  y^  yi&  nepeorfedfl/ 
iVyi  foe  *yyte  Abcit,  T*e  appealed!  *4  4*  ^ori  ay&'t  >-  cZ^A 

itiydpplaiw"«  Wec'Iiy  y  o^o^*  *rt*  rkAey'iiy'i  ^<y/e  sees’’  a*  'eay’1'*  y*  **e- 

dWyjiW/  sSWi-  <a>  «oy$e,  Ik-  fr/e  y*  I&  aAfA,  a*AiiWV-'ar,:iy-  y*  ;!>/* 
y^sy-’y  v  y  eyVaei’s  v*'  tu^yey,  eyfla^Angi  *ye~  '',a>'!  etdbrfvtiy  y 

lyy'u/  >i'*y  iu.«cile  y  iVyytsoy  wliedl  -*4  •‘•e  Aseye  yscey.  t^sAtar  ly. 

If’**  y:«<A  expo'fed1  sepearfedf y  dly>,^  foe'*  ^  eeeilrs  yf  Jrrf-e,  A?4 
■ifleyyxy  V  7i~26  Meeki,  sets**#'  /  y*  foe  •v.yyyp fasten  y^y  Vs  **»;.  ty^y , 
foy  yyf-  dwWJ  y<Ji  -'ey1  Xirtio  t.  Cofoyes  -owe  *ee,H  #*,e  111,  >,  Cy«y  iitato/e 
It/eye  (CevVy,  jfoitA  r*ep»yt?edi  foils  t /tsp’byoi  as  se,y!bgfii<a<U/  y^/aoiyV, 

lyy4y*:>y-'  and)  ttAiyr*y  cA  see  e*y>  -<ys  sees’-  die^y’edl  y  ei:!  r-fe  >•* 

is,  |fe‘l,'rte  ik/ec’jyvt  ^lH.y.5fo 

As  dlestfirieJ  H>  ^.e  if  /  Aft  A^ooi  ^e^yy*,  ^e  *<*4  syy^wsyii1/  ^ara-ii^edl 
|frt.;is  Ajeye  fa  oaH,  iw,’,g;  f-ey*  ys; "•*;»;.  i»r  e^^ectr^  or*z,  i>y*  *«y*  yf^-  s-e 
*y<  iee'-  ^yzes',  CWAetf  iw/tK^jg^yj  •’.odl  eJ-*s’edl  ’sy y  "/ss^v*  >*'rfA-  ceil- 
>fr*ee  yf  eKdr^iid  iflfySA  '//*•  +o*dl  *iO*ed(  ■ly  dtestiOie  a»  /'wyj  k  avs#  yf  ■t+e 

A^w»se>  (♦'Avs  +,«» •/«■<  t*y  ike  dbwey  y^'ovgl'  M'i*jS~lli>iir«  ^y'i<i  ‘*i  ■*<>/*  tcy*1  see^’ 
r<e^yyp«dl  Tn^’  swe  (yf’fefedl  cor^.  Iff-  eof;bayy*aHi*/e  stf^dRe*  <»'#+.•  i>.e  Wiiyyk'ylagr^ 
fl>Ti'>5si'>yv  ye  5*sAawn»  ^y>j*yedl  ty-typar^Sc.  fa  tr&/y  tyg 

Hvv^  \ee  \ee*e  I’lctf  a^le  to>  ’se  c-^+ye  y  I'e'i-'Aed’  f<w  tel, is,  fcy*e*iris»l)l / 

fa’fcictkyjr'i  '**oe*e^r*a»il  ^y*1  s^yAyeyjn-it/ -o^fet i*erf  oy+S’/  r>s  «*y*  ^esefrtH/  y/y'ityy'e, 
O^e*  y'i*e~p^'t  erf  ieyikarfiyn  <yf  t^.e  e’i*yly^'t  agetrf  r/ys,<  astfa*  s1’*ul,,yfe>ys 
y/ef'lbliyrtiliiif/  cA  korf’f  '  ^  ytftctt*d  </»*,  lyyte’rf^y.U/  syssef/r'yle  ikJMe’^  y  tell 
tyUi'yes, 


IZk- 


#/£»'-<*<-«» *fte  r/  AnnrOH  »f«4  y  si,'  _A  *y*o\ygf  'A  t-r  «o  n  >-  -7^>i  - 
^«wi*  '£.>*■'* '4j 

- .  *yle  v*  /r*»n  rf,  £  y«4  !>*y»jry4*d  ?y**/  At'.dfe  >.  >:-si  ss'  y  y*  -  ; 

>>  Gaffers 

A*  '•«  £.'bi*  yf  fY  4®  f*«  yyi«*«rs  >.  *-#  aoe-*  df***  •* > 

weigh*  W'-oron  fiote  ifi  fie  $**«!+  prajp  pAcrieaued  ard  **.*. ,  a-/*-,  ‘  «**  ^••* 

d.-»rjrg  ^aM  'I'weWk.  pOoyd,  O^a1  yf  ■W‘(»  a***+t  j pO’Jp  Serd  y*  y  «*■  /»y-',j, 

I>yf'»fg  fY  -"ey*  a*  f+*  }**«1-t  gryyp  died  yf  prerjn<*<~y9  jr«j  dfd  t//  -^/.  *•* 
e/fected  iatfiyr#  a4  *t*drfY4  «r<4  4yf  r^c/fy*.'*.,  H  a*>  attempt  ty  yecry'a'e  ‘-e 
i/ndryne,  yfte  /*aw  dttfer  Irf'iftytio^i  y?  ^<e  riudf4  **e  det  yf  +*«  a***'*  yy^>  #r, 

■»>  •w«dk<w»'l/  efiitJb  Y  higher  Jft  <jteeri’jttried  fat  yyrter* ,  'yyyy/V»*y*«>/ 
27%  compoted  With  7%  ■fax  tetri*).  Ai  fie  tarmyrc  yr>  fA«  fV  4V»*  4^4,  *y-<t  y1 
+*«  ca^^Wit  yr<  ffae  iweart  <K«rt  ws**  itenriet'ed  ty  ff*  yyy>.  H*et  fie  *rar*- 
*  erred  ccfnnam  ~od  been  an  fie  frfi>  Set  fat  a  **ei*  «y*e  y*  g^afY, 

la-wer^d  at  #*/  }»ef  »«>^t,  Ait  *r»4  yf  ff«  feeding  ire  1  y*i/  **y  w>a’i 
w/iv^  y«  "it*  ««#■>  grasp,  and  fie/  «*f0  aati.«ff>e«4. 

Cy^'Wt*  n*t#yp*4«  *w*«  per  for m»4  yn  arl)  f*«*  y®r»r<*ftf  and  ‘•<a«*>t  yf  •*♦■•  4f  *■*/>« 

*«*/0  been  ptacmted  k w  WrriapslficAagfrtrtA  eetmi nafian  but  fie  etoH'sffiVj*  •<* 
fvyt  i*en  complied.  $+ry"<  *»*qba  lyt  k*/xjA«itA  tr*d  ier*i/  yt'ii 
afir/x*  Vttojm  bhopti**  it*  fyti/  acUh  e*>6  bAy&4  *<e9tt  ft*  ft-4  octt  ~tyr$t-ylyj/  were 
flMyl.-  -4  tr4e* fAtltrrti/  eenA  turn  eewatl’irtg  ynal  /iH. 

Ire  '/yrn'rtAerti] /Aytrr^ed  i «3yn*  yf  yttrrj\y*ertcrji  pne'j**y*'>9  'it<  tf«  4  •**■■  di*t 
W54'  J«ylyt"iyrj  r/  ftej4cr*f<ti  y  tiy*evi  yytr-iW*  kyrr-  the  f«>y^*  i>w 
arHeyt>yf».  fbe  dieku/  reg<  *re  yf  fhe  cst'r*trn  \t,  tf«  fH*.  jryyp  rested 

fk<e')t  leikfamoe  1y  inttcKyn*  Pe  iHb  fhemtef  /et  n<9 f  ^/e  'ii*fy4jte4  *  k*?e 
(A  fie ie  ya»w-«cgflrt?/«  yg^tnH^is  /My  lf«  #ar4c  martef  yf  ft*  £»*?■■  yr>s». 

V-m  leedrng  ‘tedhhrtpje  n*f  K»/«  b«<r)  earrf<<W tiftj*  f'dh  «*'#'«  b-s-'y* 

leetkrq  0n4  fien  piA  t*  fie  ktrik;  24  W  f**  tfitfA*  c\e*ne4  9frd  t»<* 
wySei  -i #en  cbont/ed.  Tbe  *»ne  tle&HtKf  letfirftp'je  wot  si-e4  yti  fie  it*4  yf 
**«art  ^ryyp  1  chopped  iettn  betfi  tie*  ne&if,  ft  hoped  fieri  fie  clecm'ittg  ard 
wrriei  ibontjjfg  alter  feeding  S twice  week  ty)  wyjid  m itiimite  cocikf~tintrii»ri  yf 
fie  water ,  iyji  fiortfiene  corrittmintriiart  wee  yfe/yid <AJe  &je  *y  fie  eating  ^-obiti 
tA  fie  c/iieon. 

Ho  note  ortmaU  cue  icbed'Jed  fat  feeding  khal*  under  tV<*  riud/.  tpeciren 
obtained  muri  be  ptacetted  wifi  anai/iH  of  fie  tetrjStant  data. 
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Maintenance  of  Animals  and  Study  of  Pathology  of  Animals  Utilized  in 
Research  (Cont'd) 

d.  Staphylococcal  Infection  in  Rabbits 

Two  female  Californian  rabbits  were  on  hand  as  a  carry-over  of  the  work  of 
the  previous  year.  Both  rabbits  had  chronic  staphylococcal  infections  with 
various  dermal,  ocular  and  external  genital  lesions,  usually  purulent.  Previously, 
litters  had  been  lost  due  to  staphylococcal  infection  passed  to  the  sucklings  by 
these  does. 

We  planned  to  rebreed  the  two  does,  treat  one  with  antibiotics  to  which 
the  organism  is  susceptible  and  obtain  cultures  from  the  doe  during  and  after 
kindling  and  from  the  young  after  kindling. 

Our  plan  was  thwarted  by  failure  of  the  does  to  conceive  again.  In  one  doe, 
age  (3  yrs. )  may  have  been  a  factor.  It  is  quite  possible  that  the  external  genital 
infection  was  occompanied  by  an  internal  genital  infection  or  that  the  systemic 
effects  of  the  infection  prevented  conception.  Treatment  with  antibiotics  to 
which  the  organism  was  susceptible  was  instigated  on  two  occasions  to  retard 
but  not  eliminate  the  infection. 

The  rabbits  were  sacrificed  and  necropsied  in  March  and  May.  Extensive 
superficial  suppurative  lesions  were  seen  in  both  and  in  one  an  enlarged, 
nodular,  multicolored  liver  was  seen.  The  tissues  have  not  been  processed  for 
microscopic  examination. 
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ABSTRACT 


PROJECT  NO.  3A061102B71R  Research  in  Biomedical  Science 

TA5K  NO.  02  Internal  Medicine 

WORK  UNIT  NO.  058  Nutritional  and  Metabolic 

Adaptations  and  Interrelationships 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Effect  of  vitamin  deficiency  and  meal-eoting  on  gluco¬ 
neogenic  and  lipogenic  activities  in  the  rat. 

STUDY  NO.  2  Bio-oxidation  of  linoleate  via  gamma- cl eavage . 

1 .  The  inability  to  statistically  duplicate  the  previously  observed  inhibition  of 
gluconeogenic  activity  in  liver  slices  associated  with  B^  deficiency,  was  attributed 
to  change  in  incubation  medium  to  one  which  diminishes  the  rate  of  glycogenolysis 
(Hastings,  et  al .  1952).  This  medium  supported  greater  lipogenic  activity  than 
the  classical* Krebs-Ringer  bicarbonate  buffer.  Otherwise,  similar  results  were 
obtained. 

2.  The  increase  in  gluconeogenic  activity  in  meal-fed  rats  was  inversely  related 
to  their  ability  to  maintain  glycogen  stores  during  starvation.  Feeding  a  diet 
containing  40  per  cent  fat  abolished  the  hypercholesterogenic  response  to  meal¬ 
eating  (5  or  10  per  cent  fat). 

3.  A  simple  basal  diet  was  designed  for  the  study  of  B]2  and  biotin  deficiencies. 
Inhibition  of  linoleate  oxidation  by  B]2  deficiency  and  correlation  of  rate  of 
propionate  metabolism  with  rate  of  linoleate  oxidation  is  further  indirect  evidence 
for  the  existence  of  the  gamma-cleavage  pathway  for  linoleate  oxidation. 
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WORK  UNIT  NO.  058 


BODY  OF  REPORT 


Nutritional  and  Metabolic 
Adaptations  and  Interrelationships 


STUDY  NO.  1  Effect  of  vitamin  deficiency 

and  meal-eating  on  gluco¬ 
neogenic  and  lipogenic 
activities  of  the  rat. 

PROBLEM: 


An  additional  experiment  was  needed  to  confirm  the  hypothesis  that  aspartate 
aminotransferase  plays  a  direct  role  in  the  dicarboxylic  acid  shuttle.  Since 
pair-fed  controls  for  the  study  of  B^  deficiency  are  also  meal-eaters,  the  effect 
of  meal-eating  on  liver  slice  metabolism  was  also  studied. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


The  experimental  procedure  was  modified  to  incorporate  a  medium  that  contains 
a  greater  concentration  of  K+,  HCO3  and  Ca++  ions  than  Krebs-Ringer  bica 
bonate  buffer  and  that  supports  greater  glycogenic  activity.  Interestingly,  the 
former  also  supported  greater  lipogenic  activity  from  pyruvate.  deficient 
rats  showed  an  increased  hepatic  lipogenic  activity  as  reported  previously,  but 
depression  of  incorporation  of  pyruvate-  1-  or  -2-  4C  into  glycogen  was  not 
statistically  duplicated. 

Consideration  of  the  results  from  tissue  incubations  from  the  "control"  animals 
suggested  that  food  restriction  of  a  diet  containing  4G  per  cent  fat  did  not  affect 
in  vitro  metabolic  activities.  In  a  separate  experiment  it  was  established  that 
TFIe  decreased  incorporation  of  pyruvate  into  glycogen  displayed  by  liver  slices 
from  meal-fed  rats  was  inversely  related  to  their  ability  to  maintain  high  glycogen 
stores.  The  disappearance  of  the  hyperl ipogenic  response  to  meal-teeding  by 
changing  toa40  per  cent  fat  diet  (Leveilie,  1967  and  1968)  was  extended  to  a 
similar  effect  on  the  hypercholesterogenic  response. 

The  above  is  based  on  completion  of  data  acquisition  and  analysis  of  data  from 
studies  of  previous  fiscal  years.  Due  to  loss  of  key  personnel,  without  replace¬ 
ment,  no  new  research  was  initiated  under  this  study  in  this  fiscal  year. 

CONCLUSIONS  (and  RECOMMENDATIONS): 

Furrher  study  is  necessary  to  define  optimum  in  vitro  conditions  for  tissue  slice 
incubations.  In  addition,  the  interactions  between  control  of  glycogen  and 
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Nutritional  and  Metabolic  Adaptations  and  Interrelationships  (Cont'd) 

lipid  storage  must  be  clarified  before  the  primary  effects  of  deficiency  and 
meal-eating  can  be  established.  Initiation  of  studies  awaits  the  availability 
of  proper  personnel . 

PUBLICATIONS:  None 


STUDY  NO .  2 

PROBLEM: 


Bio-oxidation  on  linoleate 
via  gamma- cleavage. 


To  establish  the  existence  of  direct  hydrolytic  cleavage  of  the  9-10  double 
bound  of  linoleate  (gam mo- cleavage)  it  was  deemed  important  to  demonstrate 
an  inhibition  of  linoleate  oxidation  with  Bj 2  and/or  biotin  deficiency.  These 
vitamins  are  required  for  propionate  metabolism — the  product  of  the  above 
cleavage.  Studies  were  also  designed  to  determine  the  tissue  specifities  of 
-.propionate  metabolism  in  the  rat. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Rats  were  fed  a  casein-sucrose  basal  diet  containing  20%  corn  oil ,  0.5% 
sulfathiazole  and  sufficient  methyl-group  donors.  Removal  of  biotin  or  Bj ^ 
caused  growth  retardation  which  was  additive  when  both  were  removed.  This 
is  the  first  known  report  on  the  study  of  the  two  deficiencies  utilizing  such  an 
uncomplicated  basal  diet.  Feeding  2%  sodium  propionate  accentuated  the 
growth  depressions. 

Hypotonic  tissue  homogenates  were  incubated  in  medias  containing  '^CC>2  and 
propionate  of  U-  *C-linoleate.  Heart  homogenates  fixed  CO2  into  acid-stoble 
compounds  and  oxidized  linoleate  5- 1  Ox  liver  homogenates.  Rate  of  CO  2 
fixation  by  kidney  was  slightly  less  than  by  heart,  and  skeletal  muscle  possessed 
very  low  activity.  The  capability  of  heart  to  metabolize  propionate  wos  inter¬ 
preted  to  reflect  its  ability  to  also  metabolize  linoleate  via  gamma- cleavage. 
B|2  deficiency  depressed  and  biotin  deficiency  enhanced  linoleate  oxidation  by 
heart  homogenates.  The  latter  finding  has  not  been  explained. 

CONCLUSIONS: 


The  capability  of  a  specific  tissue  (exception:  skeletal  muscle)  to  metabolize 
propionate  was  directly  related  to  its  ability  to  oxidize  linoleate.  This  finding 
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Nutritionol  ond  Metabolic  Adaptations  and  Interrelationships  (Cont'd) 

plus  the  inhibition  of  cardiac  oxidofion  of  linoleate  by  B^  deficiency  indirectly 
supports  the  existence  of  propiogenic  oxidotion  of  linoleate  by  gammo-cleavoge. 

PUBLICATIONS: 

1.  Dupont ,  J.  ond  M.M.  Mathias.  Bio-oxidotion  of  linoleic  acid  via  mefhyl- 
malonofe.  Lipids  (in  press). 

2.  Mothios,  M.M,  and  J.  Dupont.  Effects  of  biotin  and  B.^  deficiencies  in 
vitro  metabolism  of  propionate  and  Irnoteafe.  Fed.  Proc,  28:370,  (Abstract). 
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23.  fu)  TNb  Objective:  To  HMUfAM  a  simple  matt oft  to  accurately  and  reliably 
define  tta  major  cemponeate  of  tta  ImiMt  body. 

24.  (D>  Aggroach:  OiMttamttit  aallmaNoo  of  body  tat,  by  dfiaplaeement,  developed 
bara  la  i)mft<  «M  aa  Mtaffta  aa  wftarai(«r  waiftoof  tacbokyaaa.  Comyif*ii»« 
«Wb««  of  K’®  abfta  bafty  tftftiai#  witt  body  ooSomatar  data,  total  body  water. 

Mood  rftMM.  aatrae allala r  flaltl,.  iftl  aalaotad  aattroyomatric  teeboigaea  arc  being 
ovaloatad,  Tbaaa  body  cemy*Mfta  ara  compared  to  ereatimne  and  creatine  e*cte  - 
tiaaa,  oaygaa  aptaka  and  yattaabwi  ctfteft.  in  aa  effort  to  farther  define  the  active 
oiatabdliisf  tleaaa  maaa  of  tta  body. 

26,  (V)  Profreee:  (Jal  6f<*7aa  69)  Two  paper  a  bare  been  pabfiahed:  fa)  "Body  Compo¬ 
sition  hfetbadafwfy  la  MiHtary  Bair  it  Ion  Swrveya",  in  Proc,  of  BAS,  BBC,  Pablieal  ioj 
#1590,  Waafctaffon,  tr.  C. ,  i960  and  fb)  "Body  Compoaltion  Chsagea  Daring  Eepoeare 
to  Altltade",  rod,  Proe.,  3aly  1969,  1*  praoa.  In  tta  latter  etady,  two  groapa  of 
aaa  toaal  man  ware  abr aptly  aapoaad  to  attltadaa  of  4360  m.  Croap  1  c onaamed  a 
llgtrld  diet  ef  normr"  compoaltion  and  Oroap  11,  a  high  carbohydrate  diet  (11).  The 
groapa  loot  3,96  and  3,64  If,  roapactiaaly.  Body  weight  loaaoa  in  eaceaa  of  that 
attrlbatod  to  tta  ealarflc  deficit,  appeared  to  be  dee  to  body  water  loaaaa,  aa  re  - 
fleeted  by  tta  negative  water  balance#  and  the  decracaed  Mood  and  ptaema  vofamea. 

A  later  altitede  etady,  body  compoaltion,  eepeeialty  the  bedy  water  compartment# 

(1CW  aad  tCW)  ware  again  atadied  in  two  groapa.  The  date  ia  now  being  analysed.  A 
shadow  shield  total  body  K™  coantar  |#  being  aeaembfad  and  eboeld  be  in  operation 
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Obi  Work  Performance  and 

Body  Composition  as 
P.  elated  to  tcnvitonment 
and  Nutritional  Status 

I,  KOt>Y  COMPOSITION: 

the  assessment  ot  that  most  widely  variable  aspect  oi  body  composi¬ 
tion,  body  tat ,  still  proves  as  elusive  as  does  the  gas-tree  body  vol¬ 
ume,  Complete  radioisotope  dilution  iechnirpues  are  well  adapted  and 
accepted  tor  live  clinical  patient  as  described  by  Moore  (I0b3l,  but 
time  an<1  method  r^iremeni*  may  not  lend  these  technicpres  to  sur¬ 
vey-type  studies ,  Application  ot  these  techniques  to  normal  soldiers 
warrant  investigations  in  the  future ,  when  human  subjects  can  be  ex¬ 
posed  to  various  stresses  resulting  in  physiological  changes,  High 
carbohydrate  liquid  diets  have  proven  beneficial  to  humans  abruptly 
exposed  to  4300/  meters,  the  estimated  changes  in  body  tat  and  dry 
ptotein  compartments  did  not  approximate  body  weight  loss y  suggest¬ 
ing  that  body  water  was  also  decreased  in  these  subjects,  in  a  10b& 
study  ot  men  who  had  exercised  strenuously  and  maintained  a  normal 
intake  at  an  altitude  oi  4300  meters ,  there  was  a  significant  decrease 
in  total  body  water ,  secondary  to  a  reduction  ot  intracellular  water , 
while  the  extracellular  water  remained  unchanged.  Under  these  con¬ 
ditions  ,  it  appears  that  there  is  a  loss  ot  total  body  water  during  acute 
exposure  to  altitude - 
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WOftt C  L'MIT  UO,  Obi  Work  Peri  ■or  Trance  a  ?.  d 

Eody  Composition  »3 
Related  to  F,r r/it  ’■ :  i 
Htsi  >T,fr Krona  I  StaTv* 


PKO&LfrM; 

T  ft/e  vertebrate  body,  cons  isiing  ai  water,  fat,  mineral  and  ptt**,'  -if., 
is  it.  a  dynamic  state  easily  altered  by  the  internal  and  external  ey.-vrror.- 
menf,  Me/  srngle  technique  erf  atcarafely  estimating  hutran  body  .*  w, - 
perrtments  exists,  yet  several  meflverels  for  approximating  any  one  .*  vrn- 
partmenf  are  available,  It  is  erf  continuing  mecessrty  to  seek.  s;rr ,'p.u  . 
accaraft^  and  reproducible  rrretlrofi's  to  rrveasare  all  body  c  omposrtron- 
al  aspects,  Present  investigation  rrcludes  fartlver  verification  and 
application  oi  a  simple  body  volume  measurement  by  wafer  djspiac*  - 
ment,  with  adequate  correction  tor  contained  air  and  gas,  where  bv 
tire  '''residual  mass''’'  (body  less  its  bone  mineral,  water,  and  tat y 
represents  an  actrve  metabolizing  mass  principally  composed  oi 
muscle  tissue,  jnrs  actrve  metabolrzrng  mass  will  provide  a  real 
basis  for  correlation  to  various  physiological  functions,  Total  body 
potass  rum  is  now  being  counted  usin^  a  Mai  crystal  to  compare  body 
potassium  as  an  index  of  ''''active  metabolizing  mass"  with  estimates 
as  calculated  from  body  volumes  and  selected  anthropometry.  Total 
body  water,  using  deuterium  oxide  dilution  and  the  analyses  by  the 
gas  chromatograph,  are  being  determined  with  some  success,  Deu¬ 
terium  concentrations  in  blood,  urine  and  saliva  are  being  compared 
to  determine  the  validity  of  fhe  technique,  freezing  point  depression 
of  body  fluids  by  deuterium  oxide  may  also  be  a  promising  technique 
for  estimating  total  body  water. 

These  methodological  problems  can  be  evaluated  in  conjunction 
•with  nutrition  and  Held  surveys  as  will  as  in  studies  designed  to  f'-sl 
the  effects  of  environmental  stress  (such  as  heat ,  cold  andaiiiindej 
on  the  human  body.  It  is  essential  to  develop  some  common  denomin¬ 
ator  that  is  applicable  to  all  human  body  types  so  as  to  determine  the 
effects  of  aging  as  It  may  be  related  to  other  physiologic  functions  (t,c., 
energy  expenditure  and  oxygen  uptake), 

RESULTS  ANtf  MSCOSSIOM  Of  THE  RESULTS; 

The  196$  altitude  study  was  designed  to  test  the  effects  oi  two  diets 
(one  with  a  normal  nutrient  composition ,  and  a  second  high  in  car  bo- 
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hyd Irate  .*.-.*5  i low  in  iaif  o*j  humans  abrupt  il/  expos  <-d  lo  •?  31  vde  (4  i'/'J 
Meters'),  n=*ii  'A  eac h  dirt  v/a *  in  liquid  iorm,  which  had  io  be 
sumed  before  (hr  remainder  'A  the  meal  \u>  sol  it. il  iorm)  v/as  t ece  iv>  d. 
The  s  objects  'y.t  rt  ised  strenuously  b  day.  1'ody  weight  to-  -os 
were  moderate.  Total  body  wait  r  v/u s  signihcatA Ty  reduced  try  l.lv 
kg  oral  intracellular  water  Ur  o m  *i/di  mi  thiocyanate  dilution)  v/a  s 
noted  io  have  dee  reused  by  J .  ly  kg  white  exit  at  /-Hular  v/xi/  r  y.  x  s 
prat  iically  -mattered,  Voder  these.  t  onditions,  A  appear'd  that  it. ‘/si 
oi  the  */ody  -//eight  ion*,  wan  doe  io  hypohydration. 

a.  Caloric  Restriction:  Body  composition  data  int  ludes  anthro¬ 
pometric,  densitometric  ant  I  isotopic  tneasut1  'oetds,  As  t-r.pet.ted, 
following  caloric  restriction,  there  were  dec  retiants  in  skmiold 
thickness  and  c  irc  umierences  oi  arm*,  waist  and  glott  al  regions, 
and  sobstaniiat  losses  oi  body  prtAein,  iai  and  water,  These  thanecs 
w ere  lei*  pronoune  ed  than  those  observed  iollov/ing  total  iood  abr.ti- 
nenc  e  ( Am .  J.  Clin.  Woir,  It  :  %7 ,  PtbS),  It  is  anticipated  that  pre¬ 
pared  man-use  ripds  will  ue  iorwarded  ior  publication  in  ike  immediate 
lot-ore  depicting  the  findings  oi  the  41b  and  odd  Caltda-y  stud i*s.  The 
lb bft  Panama i  study  on  caloric  restriction  included  measurements  oi 
t/ody  composition.  These  data  are  currently  being  compiled  and 
evaluated. 

b,  Methodology: 

Methodology  lor  measuring  total  body  water  using  deuterium 
oxide  as  a  tracer  by  gas  chromatography  has  been  utilized  at  this 
laboratory,  Reinvesligattion  oi  the  method  by  determining  the  tJO 
levels  in  blood  setum  or  plasma  at  timed  intervals  oi  i,  4  and  5  hours 
and  extrapolating  io  zero  time ,  has  been  shown  to  be  the  most  accur¬ 
ate  of  all  techniques  studied/  The  colllgatlve  technique  of  measuring 
the  number  of  molecules  of  varied  concentrations  of  t^O  in  body 
fluids  as  demonstrated  by  freezing  point  depression  may  be  an  ad¬ 
vance  for  deutetlum  analysis.  This  technique  will  be  compared  with 
the  gas  chromatographic  method  oi  analyzing  deuterium  oxide.  It 
will  be  of  interest  to  define  alterations  in  total  body  water  with 
environmental  stress  using  these  techniques. 

A  shadow  shield  whole  body  potassium-40  counter  has  been 
purchased  and  is  waiting  lor  temporary  installation  pending  comple¬ 
tion  of  a  permanent  facility.  A  moveable  sled  of  variable  velocity  to 
allow  for  different  counting  times  ( the  subject  is  scanned  from  head 
to  toej  is  being  constructed.  Installation  and  calibration  of  the  equip 
ment  in  a  temporary  site  should  be  completed  in  six  months.  The 
counter  is  unique  in  Its  portability  and  should  be  well  utilized  in 


138 


Wnrk  Performance  aid  Body  Composition  *=  Eel^l'd  to 
and  7-ij' ,  ilionaJ  Statu*  { Cont'd ) 

future  9 tudies,  for  example,  to  estimate  trust  le  mass  under  vanojs 
experimental  and  pathological  condition*. 

c,  Nutrition  Survey*:  Computerization  of  th'  s  ir /ey  data  to  re¬ 
late  energy  expenditure  and  body  composition  of  1V6  solders  in  c-tgnt 
age  group*  (subsisting  on  standard  Army  ration*)  l/*«  shown  that 
forced  vifal  capacity  decreased  with  age  while  residual  lung  vol  irr.es 
were  increased;  however,  maximal  performance  and  work  tirr  '-s 
decreaaed  with  age,  a*  did  heart  rate  arid  oxygen  uptakes.  As  report'd 
earlier,  total  body  tat  increased  with  age  arid  wa*  not  body  weignl 
dependent;  but  wa*  again  demonstrated  in  increased  skin/old  thierness 
and  body  waist  circumference. 

CONCLUSIONS; 

In  the  i960  altitude  study,  under  condition*  of  normal  food  intakes  at 
altitude,  body  weight*  were  reduced.  Total  body  water  was  also  sig¬ 
nificantly  reduced  at  altitude  and  ICW  was  also  decreased,  while  £CW 
wa*  practically  unaltered.  Under  these  conditions,  it  appeared  that 
most  of  the  body  weight  loss  wa*  due  to  hypohydration.  Manuscript* 
on  caloric  restriction  are  being  prepared  for  near  future  publications. 

ftLCOMMENDA  TIONS: 

Completion  and  publication  of  data  from  the  previously  mentioned 
militar  nutrition  surveys,  caloric  restriction,  and  high  altitude 
studies. 

Standardization  and  application  o(  whole  body  potassium- 40  counter 
in  the  investigation  of  muscle  mass  and  exchangeable  potassium  in 
normal  human  subject*  ingesting  various  diets,  and  in  patients  with 
metabolic  or  muscular  disorders  with  and  without  drug  therapy. 

Evaluate  body  compartment  measurements  made  during  environmental 
and  nutritional  stress  in  a  study  conducted  in  Panama,  September- 
October  1968. 
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Work  Performance  and  Body  Composition  as  Related  to  Environment 

and  Nutritional  Status  (Cont'd) 
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Work  Performance  and 
Body  Composition  as 
Related  to  Environment 
and  Nutritional  Status 

H.  WORK  PERFORMANCE: 

The  physiology  of  work  and  exercise  in  man  is  being  studied  to  ascer¬ 
tain  methods  of  measuring  and  improving  the  performance  and  fitness 
of  all  ages  of  soldiers  working  in  extreme  environments  of  heat,  cold 
and  altitude.  Methodology  developed  includes: 

The  continuous  measurement  of  heart  and  respiration  rates, 
ventilation  volume,  oxygen  uptake  during  a  steady  state  or  maximal 
work  on  the  bicycle  ergometer,  and  the  motor  driven  treadmill  on 
humans. 


The  repetitive  measurements  of  cardiac  output,  arterial  and 
venous  pressures,  blood  gas  tensions  and  pH  and  other  physiological 
and  biochemical  parameters  in  chronically  catheterized,  treadmill- 

exercised  dogs.  i 

Data  is  now  being  analyzed  from  nutrition  survey  studies  relating  age 
and  body  composition  to  respiratory  function  and  smoking  habits,  and 

bicycle  and  treadmill  maximal  work  performance  on  enlisted  men  and  1 

women. 

At  high  altitude  significant  increases  in  oxygen  uptakes  were  observed 
over  sea  level  controls  during  four  sub-maximal  work  levels  of  load 
carrying  and  grade  walking  on  the  treadmill.  Under  these  conditions, 
it  appears  that  the  energy  requirements  may  be  increased  at  high 
altitude. 

In  three  studies  of  caloric  restriction  for  10  days  (complete  starvation,  i 

420  Calories  of  carbohydrate  and  500  Cal/day  of  a  protein-carbohydrate  1 

diet),  it  was  observed  that  sub-maximal  and  maximal  work  performance  j 

on  the  treadmill  was  practically  unchanged. 


141 


BODY  OF  REPORT 


WORK  UNIT  NO.  061  Work  Performance  and 

Body  Composition  as 
Related  to  Environment 
and  Nutritional  Status 


PROBLEM: 

The  effects  of  various  stresses  upon  the  ability  oi  military  personnel 
to  perform  their  duties  are  being  evaluated.  Studies  have  been  done 
under  conditions  of  abrupt  exposure  to  high  altitudes,  during  ten  days 
of  starvation  and  three  studies  of  caloric  restriction,  and  also  on  the 
effect  of  age  in  relation  to  man's  ability  to  perform  various  military 
tasks.  Investigations  of  submaximal  and  maximal  work  performance 
and  body  composition  were  performed  on  virtually  all  studies  alluded 
to  under  Work  Unit  Numbers  073  (Applied  Nutrition  Studies  of  Military 
Populations)  and  070  and  080  (High  Altitude  Bioenergetics),  Data  will 
be  punched  on  paper  tape  and  an  attempt  will  be  made  to  relate  and 
correlate  the  parameters  that  may  influence  performance  (i.  e.  ,  body 
fat,  body  protein,  etc.  ). 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Military  Nutrition  Surveys:  Computer  analysis  of  work  performance 
and  body  composition  data,  among  other  parameters,  is  well  under¬ 
way  for  the  nutrition  surveys  at  Fort  Carson,  Colorado;  Fort  Huachuca, 
Arizona,  and  Fort  Campbell,  Kentucky,  This  information  includes 
means,  standard  deviations  and  correlation  coefficients.  The  data 
should  be  available  for  reporting  toward  the  end  of  this  year. 

Caloric  Restriction:  Data  dealing  with  work  performance  and  body 
composition  of  men  consuming  420  and  500  Cal/day  diets  are  present¬ 
ly  being  prepared  for  publication.  Results  have  shown  that  during 
a  10  day  period  of  caloric  restriction,  both  submaximal  and  maximal 
work  performance  on  a  treadmill,  as  well  as  BMR,  remained  unalter¬ 
ed  as  compared  to  control  values.  It  is  anticipated  that  manuscripts 
on  work  performance  will  be  forwarded  for  publication  in  the  immedi¬ 
ate  future  depicting  the  findings  of  the  420  and  500  Cal/day  studies. 

The  1968  Panama  study  on  caloric  restriction  included 
measurements  of  both  work  performance  and  body  composition. 

These  data  are  currently  being  compiled  and  evaluated. 
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High  Altitude:  These  studies  have  aimed  at  determining  oxygen  up¬ 
takes  in  human  subjects,  abruptly  exposed  to  altitude  from  sea  level 
(Fort  Sam  Houston),  during  4  and  8%  grade  walking  on  a  treadmill 
--with  and  without  a  20  kg  pack.  Results  have  shown  that  oxygen  uptakes 
are  increased  significantly  at  altitude  during  work  performance  at  all 
four  levels  of  activity,  compared  with  control  values  at  sea  level. 
These  increases  indicate  that  the  energy  requirements  may  be  in¬ 
creased  at  altitude. 

Laboratory  Procedures:  Work  is  in  progress  on  a  duplicate  continu¬ 
ous  analyzer  for  measuring  oxygen  uptake  (see  USAMRNL  Laboratory 
Report  #318,  May  1968).  This  analyzer  records  continuously  on  a 
multipoint,  analog  strip  chart  the  following  parameters  of  human 
subjects  at  rest  and  during  exercise:  02  and  CO2  concentration, 
temperature  and  barometric  pressure  of  expired  air;  cummulative 
ventilation,  respiration  and  pulse  rate,  environmental  temperature 
and  relative  humidity.  Body  temperature  recording  is  now  being 
incorporated  into  the  system.  The  analyzers  will  be  used  in  all 
future  studies  on  work  performance. 

High  Carbohydrate  Diets:  A  ten  week  study  has  been  completed  on 
human  subjects  at  the  Metabolic  Ward,  USAMRNL,  to  evaluate  the 
effects  of  high  carbohydrate  diets  on  physical  work  performance. 
Recent  investigations  suggest  that  high  carbohydrate  diets  improve 
performance.  This  Study  will  also  attempt  to  delineate  the  mechan¬ 
isms  by  which  high  carbohydrate  diets  exert  an  influence  on  work 
performance. 

CONCLUSIONS: 


The  relationship  between  maximal  work  performance  (oxygen  uptake 
in  liters/minute  and  ml/kg/min),  age,  respiratory  function,  and  body 
composition  was  studied  during  three  nutrition  surveys  at  Fort  Carson, 
Colorado;  Fort  Huachuca,  Arizona,  and  Fort  Campbell,  Kentucky. 

All  the  data  has  been  punched  on  paper  tape  and  the  means,  standard 
deviations,  and  correlation  coefficients  have  been  calculated.  These 
correlations  are  now  being  evaluated  for  future  publications. 

In  three  studies  on  caloric  restriction  (starvation,  420  Cal/day,  and 
500  Cal/day  for  10  days)  submaximal  and  maximal  work  performance 
was  observed  to  be  practically  unchanged.  Work  performance  data 
for  the  caloric  restriction  study  in  the  jungles  of  Panama  is  now 
being  evaluated. 
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Four  levels  of  submaxitnal  work  on  the  treadmill  were  evaluated  at 
sea  level  and  high  altitude.  In  all  instances,  there  was  an  increase 
in  oxygen  uptake  at  altitude  indicating  that  the  energy  requirements 
may  be  increased  at  high  altitude. 

RECOMMENDATIONS: 

Other  areas  to  be  investigated  at  high  altitude  include: 

1.  Mechanisms  for  the  increase  in  energy  expenditure  during  moder¬ 

ate  to  heavy  physical  activity  at  high  altitude. 

2.  Measurement  of  heavy  military  tasks  at  high  altitude. 

3.  Continuation  of  maxima]  work  performance  as  related  to  age 
during  nutrition  surveys. 

4.  Effects  of  high  protein  diets  on  physical  work  performance. 

5.  Continuation  of  studies  at  altitude  and  simulated  combat  to 
investigate  changes  in  work  performance  under  environmental 
conditions  varying  from  extreme  heat  to  extreme  cold  weather. 

-PUBLICATIONS: 

1.  Consolazio,  C.  F. ,  L.  O.  Matoush,  H.  L.  Johnson, 

H.  J.  Krzywicki,  T.  A.  Daws,  and  G.  J.  Isaac.  Effects 
of  high  carbohydrate  diets  on  performance  and  clinical 
symptomatology  after  rapid  ascent  to  high  altitude. 

Fed.  Proc.  28:  937-943,  1969. 

2.  Nelson,  R.A.  ,  L.  O,  Matoush,  and  C.  F.  Consolazio. 
Development  and  application  of  a  continuous  oxygen  uptake 
measurement  system.  USAMRNL  Report  #318,  May  1968. 

3.  Consolazio,  C.F.,  H.  J.  Krzywicki,  and  R.  A.  Nelson, 
Nutritional  status  in  relation  to  work  performance,  body 
composition  and  age.  Proc.  7th  Int.  Congress  of 
Nutrition,  4;  1-7,  1968. 
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23.  (U)  Tech,  Objective:  Exercise  depends  upon  the  flux  of  sodium  and  potassium  ion 
in  and  out  of  the  muscle  cell.  This  is  thought  to  control  the  binding  of  calcium  which 
in  turn  controls  the  contraction  of  the  muscle  fibrils.  By  studying  patients  with  a  var¬ 
iety  of  muscle  disease  we  are  able  to  determine  the  mechanism  whereby  electrolytes 
control  muscle  contraction. 

24.  (U)  Approach:  Normal  human  subjects  under  regulated  conditions  of  diet  and 
conditioned  exercise  will  undergo  exercise  and  muscle  biopsies  with  a  modified 
Franklin-Silverman  needle  will  be  obtained.  Patients  with  varying  types  of  muscle 
disease  will  be  studied  in  a  similar  fashion.  Muscle  enzymes  will  bs  measured  and 
an  attempt  will  be  made  to  correlate  the  enzyme  level  with  the  disease  and  the  effect 
of  various  agents  such  as  steroids  and  quinine. 

25.  (U)Progress:  Normal  subjects  have  a  skeletal  muscle  membrane  ATPase  which 
is  stimulated  by  various  cations  (Na+,  K+,  Ca++,  Mg+  *  alone  and  in  combination 
Quinine  administration  results  in  a  very  marked  stimulation  by  the  ration  combination 
Patients  with  myotonia  congenita  who  respond  to  quinine  show  an  increased  membram 
ATPase  activity  with  cations.  Patients  with  myotonia  dystrophica  who  respond  to 
quir.ine  show  a  similar  change  whereas  those  who  fail  to  respond  to  quinine  clinically 
have  no  response  chemically.  Patients  with  muscular  dystrophy  have  no  response  at 
all.  Studies  are  underway  to  see  the  effect  of  quinine  on  maximal  exercise  capacity. 
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WORK  UNIT  NO. 

06Z 

Muscle  Metabolism  as  Related 
to  Exercise,  Serum  Electro¬ 
lytes.  Diet,  the  Influence  of 
Steroids  in  Normal  Man  and 
Disease 

STUDY  NO,  1:  Object:  To  study  the  effect  of  quinine  on  muscle 
cation- sensitive  membrane  ATPase  in  normal 
individuals  and  patients  with  varying  myotonic 
muscle  disease. 

Abstract.  Myotonia  is  a  state  in  which  muscle  relaxation  is  abnormal. 

It  the  removal  of  calcium  from  actomyosin  is  abnormal  in  myotonic 
states  and  if  cation-sensitive  membrane  ATPase  is  related  to  calcium 
movement  into  the  calcium  reservoir  in  the  muscle  membrane  or  in 
muscle  sarcoplasmic  reticulum  then  myotonia  may  be  relaited  to  an 
abnormal  cation-sensitive  membrane  ATPase  in  skeletal  muscle. 

Normal  skeletal  muscle  obtained  by  needle  biopsy  from  male  volunteers 
demonstrated  that  ATPase  activity  was  associated  with  a  3000  x  g  fraction. 
Addition  of  cations  (Ca+" ,  K+,  Na+,  Mg++)  showed  that  there  was  a 
caf.iop*sensitive  membrane -ATPase  in  this  fraction.  Administration  of 
quinine,  300  mg,  3  times  a  day  for  a  week,  to  normal  volunteers 
resulted  in  a  statistically  significant  increase  in  the  cation-sensitive 
membrane- ATPase.  There  was  no  change  in  the  ATPase  without  the 
addition  of  cations. 

Patients  with  myotonia  congenita,  myotonia  dystrophica  and  muscular 
dystrophy  were  found  to  have  low  values  for  this  3000  x  g  membrane- 
ATPase.  Stimulation  with  cations  was  very  poor  in  most  of  these 
patients.  Administration  of  quinine  led  to  improvement  in  one  of  the 
patients  with  myotonia  congenita  and  in  one  of  the  patients  with  myotonia 
dystrophica.  Both  of  these  patients  showed  marked  increases  in  the 
cation- sensitive  membrane-ATPase  in  the  muscle  obtained  while  they 
were  on  quinine  therapy.  Individuals  who  did  not  respond  io  quinine 
had  little  or  no  change  in  the  cation-sensitive  membrane-ATPase 
of  the  muscle  during  quinine  therapy. 
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Jejunum  obtained  (torn  normal  individuals  while  on  quinine  showed 
a  little  increase  in  cation* sensitive  membrane-Alt  :.^e  but  not  to 
the  degree  seen  in  striated  muscle.  We  conclude  from  these  results 
that  the  cation-sensitive  membrane-ATEase  oi  normal  muscle  is 
sensitive  to  quinine,  and  that  those  patients  who  respond  clinically 
to  quinine  have  a  chemical  response  to  the  cation-sensitive  membrane- 
ATBase  as  well,  Eatients  mat  responding  to  quinine  do  not  show  the 
chemical  stimulation  of  this  ATEase,  Our  hypothesis  of  an  abnormal 
membrane  ATEase  being  involved  in  myotonic  disorders  appears 
valid  in  some  patients. 


DOW  Of  REPORT 


WORK  UNIT  NO,  0GZ  Muscle  Metabolism  as  Delated 

to  Exercise,  Serum  Electro¬ 
lytes.  Diet,  The  Influence  ol 
Steroids  in  Normal  Man  ami 
Disease  - 

STUDY  NO-  1  lo  study  the  elleet  of 

quinine  on  muscle  cation- 
sensitive  membrane  ATPase 
in  normal  individuals  and 
patients  with  varying  myo- 
tonle  muscle  disease - 

PRODLEM: 


The  relaxation  ol  muscle  seems  to  be  related  lo  the  removal  of  calcium 
from  aetomyosln-  The  calcium  leaves  the  actomyocin  and  is  sequestered 
In  a  calcium  reservoir  located  In  the  endoplasmic  reticulum  (sarcoplasmic 
reticulum)  of  the  muscle  cell-  It  has  been  postulated  that  cation  movement 
across  ^lembranes  is  related  to  a  cation-sensitive  membrane- ATPase 
located  in  the  membrane-  II  the  relaxation  ol  muscle  is  related  to 
the  removal  of  calcium  and  11  the  calcium  moves  into  its  reservoir  in 
the  endoplasmic  reticulum  by  virlue  of  fhe  action  of  a  membrane- 
bound  cation- sensitive  ATPase  then  any  abnormality  of  this  calcium 
movement  due  to  an  abnormal  ATPase  should  result  in  myotonia-  Thus, 
it  might  be  possible  (o  relate  myotonic  states  to  a  delect  in  a  muscle 
membrane  cation-sensitive  AfPase.  If  this  is  true,  then  (hose  patients 
who  respond  to  quinine  with  alleviation  of  their  myotonia  should  demon¬ 
strate  a  change  in  the  muscle  cation- sensitive  membrane- ATPase  as 
well-  hi  accord  with  (his  hypothesis  then,  normal  individuals  and 
patients  with  myotonia  congenita,  myotonia  dystrophica  or  muscular 
dystrophy  were  studied  with  and  without  quinine  therapy  to  determine 
the  activity  ot  muscle  cation- sensitive  membrane-ATPase  of  n  uscle 
tissue.  Six  normal  subjects,  two  patients  with  myotonia  congenita, 
four  with  muscular  dystrophy  and  one  with  adult- onset  muscular 
dystrophy  were  studied.  In  addition,  jejunal  tissue  was  obtained  from 
the  six  normal  subjects,  from  one  individual  with  myotonia  congenita 
and  from  one  patient  with  myotonia  dystrophica-  The  muscle  was 
obtained  by  percutaneous  needle  biopsy  of  the  lateral  aspect  of  the 
thigh-  The  muscle  tissue  and  the  jejunal  mucosa  were  homogenized  in 
buffer  and  the  membranes  separated  at  3000  x  g  after  removing  the 
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GOO  x  %  sediment,  The  ration- sensitive  membrane-ATPase  was 
assayed  wlfh  vatious  cations  or  cation  combinations  in<  fading  M;:", 

Ca“,  Mg“  4  Ca“,  Na‘  +  Kd  and  Na‘  <K‘  -Mk*'  ■  Ca\  Afiv,i 
activity  was  measured  by  the  phosphate  (P)  liberated  memoirs  h'nti  mg 
of  protein, 

IlfegULTB  AND  OlgCUflSfON  O P  THE  ft  FAULTS: 

In  the  normal  subjects  there  was  a  muscle  membrane-ATPase  with  a 
mean  activity  ol  5,  IS  t_  0, 54^|mole$  P  split  /  hour  mg  of  profein,  When 
cations  were  added,  for  example  calcium,  a  value  of  11.  0  ^  0.  fiGjumoh.s  1* 
split  hour  mg  of  protein  was  obtained.  When  the  normal  subjects  were 
given  quinine  for  1  week,  300  mg  3  x  day,  the  value  lor  (he  muscle 
membrane  ATFasc  with  no  cations  was  5. 16  0,  54.  With  cations 

added,  tor  example  calcium,  a  value  of  20, 6  ■  L.  1  jjmoies  V  split  hunt 
tuft  of  protein  was  obtained,  Tills  Indicated  that  a  membrane  ATPnse 
was  present  in  this  fraction,  that  it  was  responsive  to  cations  im  hiding 
calcium  and  thal  the  cation- sensitive  activity  was  markedly  in<  reased 
by  quinine  administration,  The  patients  ail  showed  decreased  membrane- 
ATPase  activity  and  very  poor  responses  to  all  of  fhe  cations. 

Alter  quinine  administration  one  of  the  patients  with  myotonia  congenita 
and  one  of  the  patients  with  myotonia  dyslrophica  had  a  marked  clinical 
improvement  in  their  myotonia  with  coincident  increase  in  (be  cation- 
sensitive  membrane-ATPase,  Another  of  Ibe  paiienis  with  myotonia 
dystrophlca  had  a  partial  improvement  and  some  change  in  the  c  al  ion- 
sensitive  membrane  ATPase.  The  remaining  patients  had  no  or  little 
clinical  response  and  no  significant  change  in  the  t  aiion- sensitive 
membrane-ATPase  activity.  There  was  some  change  in  the  jejunal 
cation-sensitive  membrane-ATPase  but  this  was  small  and  did  nut 
change  to  the  degree  seen  in  muscle, 

CONCLUSIONS: 

From  these  studies  we  conclude  the  following: 

1,  There  is  a  cation-sensitive  muscle  membrane-ATPase  or  ATPascs. 

2,  In  normal  individuals  quinine  potentiates  the  activity  of  the  cation- 
sensitive  muscle  membrane-ATPase  or  ATPases. 
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3,  Those  individuals  with  my</tonia  who  improve  with  quinine  therapy 
aiso  show  responses  of  the  cation-sensitive  membrane  ATPases. 

4,  Patients  with  myotonia  congenita,  myotonia  dystrophira  and  muscular 
dystrophy  who  have  a  very  poor  response  to  quinine  tnerapy  ,,n ve  very 
low  activity  of  muscle  membrane-ATPase  which  responds  poorly 

to  the  addition  of  cations, 

5,  Jejunal  tissue  has  a  membrane  ATPase  which  responds  to  cations  hut 
responds  poorly  to  quinine, 

RECOMMENDATIONS; 

The  nature  of  this  membrane  ATPase  should  be  Investigated  further. 

The  effect  of  quinine  fn  vitro  should  be  studied.  The  relationship 
between  myotonia  and  dystrophy  should  be  investigated  further.  This 
appears  to  be  a  very  fruitful  line  of  research  and  will  be  pursued 
further. 

PUBLICATIONS', 

1.  ft. H,  Herman,  N..L  DiBella,  F.  B.  Stifel,  L,  llagler  and 
N.  S.  Hosenswelg,  The  effect  of  quinine  on  human  skeletal  muscle 
and  jejunal  cation-sensitive  membrane-ATPase  In  normal  subjects 
and  patients  with  myotonia  congenita,  myotonia  dystrophica  and 
muscular  dystrophy,  Clin,  Res,  17;  385,  1989  (Abstraci). 


190 


MttAftcH  m  mrnoux it  «mk  wet  HiuMt 


f* 


4  ***** 


6  £<»*'  M#*J*ltf9l 


/.  toft  *#<#:/*/#' 


I  MVt#  -ftM'ede  •  '*  Ci*HWt4U*>  t 


mm 

iUUUI 

nmjlIlHUM, 


(U)  Studies  In  Microbial  Metabolism  (Ob) 


mmt  4 

If  Commit Uloii  1  j 

US  Army  Med  Rath  6  Nuir  Lab 

r its simons  Oenerel  Hospital 

Abt**t  t*.  * 

Denver,  Colorado  80240 

i*4to**ttkiAL 

mint 

Canbam,  J.  E, ,  COL 

Ul* +*•$** 

303  366  5311  X2110S 

i‘  oi«Oii  ml 

Foreign  Intelligence  not  Considered 

L. . .  . . . . . .  . . 

Kooaaiaiiif^  i 

ft  Ant  •  Microbiology  Division 

US  Army  Med  Rech  6  Nulr  Ub 
Fits  Simons  General  Hospital 
Denver,  Colorado  80240 

MfbiwMl  fftvMMttA to*  f*,**/e*  f»Aw  "  l.' J  A '#4*# <•/#.*'( 

..«*  O'Barr,  T.  P. 

tf  i  *►*•>*#  303  366  5311  X25223 

Vrr.fA i  seeoi/b*  «•/«#*«. 


itricfAft  («/ttffa**0M 


;;::  hbw-^-aT'  •>* 


(U)  Mycobacteria)  (U)  Metabolism,  (U)  Environment 

l#_”'fd_cMifcAt  oiTTr^/Tf.^ll'dRpSo^,  14  0*mMtM  thmrti*  ***H toil  &*&*?>•  /rfnw/MJodM  nutewr  Farads  *#«<  ear*  Moeeifr* •  t 

23,  (U)  tech  Objective!  To  deftae  metabolic  pathways  of  drug -susceptible  and  drug- 
realatant  Mycobacterium  tuboraulests  with  the  objective  of  improving  isolction*«nd 
identification  technique*,  ee  well  ee  providing  e  bare  for  future  chemotherapeutic  atu- 
dt«a, 

24,  (U)  Approach;  Metabolic  pathwaya  in  drug-susceptible  and  drug- resistant  hL_lu 
herculoala  are  mapped  by  determining  their  enayme  complement,  by  their  conversion 
oFcarbdn^M  labeled  compounde  to  metabolic  intermediates,  and  by  growth  respond  tr 
•elected  compounde, 

25,  <U>  Progress:  (Jul  68  -  Jun  69)  During  the  report  period  emphasie  haa  been  placed 
on  etudiae  concerned  with  deecrlblng  the  pethweye  of  amino  acid  synthasi*  by  M.  tu- 
berculoala.  Employing  tha  iaotopic  competition  technique  it  haa  been  possible  to  grouf 
amino  acida  into  ffimitiea  in  which  tha  main  carbon  akeleton  la  dot  ivad  from  aspartic 
acid,  pyruvic  acid,  glutamic  acid,  and  aartne.  In  ganaral,  M,  tuberculoaia  w«c  found 
to  have  the  capability  mi  Utilising  a  great  variety  of  compound*  to  meet  ite  carbon  re¬ 
quirement  a,  end  under  certain  situations  to  effect  tbs  eyntbeair  of  required  amino  acid 
by  unespactod  pathwaya.  One  luch  eaampie  ia  the  ayntheaia  of  physiological  levels  of 
serine  from  homoisrtne,  In  addition,  these  studies  have  shown  the  presence  of 
interactions  batweea  amino  acida  and  the  ability  of  «pacific  amine  acida  to  regulate  the 
growth  of  M>  tuberculoaia.  It  is  believed  thfct  the  latter  observation  represents  an 
•sample  of  "feed  back'1  regulation  of  biosynthetic  sequences. 
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ABSTRACT 


PROJECT  NO.  3A061 1028 711?  Research  in  Biomedical  Sciences 

TASK  NO.  02  Infernal  Medicine 

WORK  UNIT  NO.  063  Studies  in  Microbial  Metabolism 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  I:  Enzymes  in  M.  tuberculosis 

STUDY  NO.  2:  Carbon  metabolism  inM.  tuberculosis 

STUDY  NO.  3:  Pathways  of  amino  acid  synthesis  by 
M.  tuberculosis 

1 .  Due  to  the  transfer  of  assigned  personnel  progress  in  this  area  has  been  reduced. 
Earlier  investigations  which  established  differences  in  the  NADH-diaphorase  con¬ 
tent  of  the  isoniazid-resistant  M.  tuberculosis  as  compared  to  the  drug-susceptible 
strain  have  been  reported  in  two  journal  publications.  In  new  studies  an  attempt 

is  being  made  to  relate  the  difference  in  dicphorase  content  of  the  isoniazid-resistant 
organism  to  change  in  the  respiratory  pathway  normally  present  in  M^.  tuberculosis. 
Using  an  oxygen  analyzer  it  has  been  possible  to  show  the  uptake  of  oxygen  by 
cell-free  extracts  of  M.  tuberculosis  and  the  susceptibility  of  this  uptake  to 
inhibition  by  classicaTTespiratory  i nhibi tors . 

14 

2.  Completed  studies  which  described  the  utilization  of  D-glucose-  C  by 
M.  tuberculosis  and  strains  resistant  to  INH,  PAS,  and  streptomycin  have  been 
submitted  for  journal  publication.  Based  on  the  finding  that  large  amounts  of 
D-glucose  is  concerted  to  trehalose,  investigations  concerned  with  the  significance 
of  this  compound  in  the  nutrition  and  pathogenicity  of  M.  tuberculosis  are  currently 
in  progress. 

3.  Using  the  technique  of  "isotopic  competition"  biosynthetic  relationships 
between  groups  of  amino  acids  have  continued  to  receive  attention.  It  has  been 
possible  to  demonstrate  inM.  tuberculosis  that  certain  key  intermediates,  such 
as  pyruvate,  L-aspartic,  and  L -glutamic,  furnish  the  main  carbon  skeleton  for 
groups  of  amino  acids.  Although  pathways  of  amino  acid  synthesis  show  simil¬ 
arity  with  other  microorganisms,  M.  tuberculosis  has  exhibited  considerable 
versatility  in  the  utilization  of  carbon  compounds  and  was  found  to  employ 
unexpected  pathways  in  the  synthesis  of  certain  amino  acids. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  063  Studies  in  Microbial  Metabolism 

STUDY  NO.  1  Enzymes  inM_.  tuberculosis 

PROBLEM: 

To  compare  the  enzyme  content  of  drug-susceptible  and  drug-resistant  Mycobacterium 
tuberculosis. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

Previous  studies  in  our  loboratory  hove  shown  that  isoniazid-resistant  M.  tuberculosis 
possesses  more  NADH-diophorase  activity  than  the  drug-susceptible  strain. 

To  estoblish  if  this  apparent  metabolic  difference  between  the  two  organisms  is 
meaningful  in  terms  of  the  emergence  and  survival  of  the  isoniazid-resistant 
organism  has  been  the  goal  of  current  investigations.  Speculation  that  this 
finding  reflects  change  in  the  norma!  respirotory  pathway  is  strengthened  by  the 
fact  that  the  INH-resistont  organism  has  olso  lost  catalase.  Of  possible  sig¬ 
nificance  to  the  present  case  is  the  work  of  Brodie,  who  showed  thot  diaphorase- 
like  enzymes  may  bypass  segments  of  the  normal  respiratory  chain,  reentering 
fater  at  the  cytochrome  c  level.  To  dote,  efforts  hove  been  concerned  with 
the  establishment  of  a  suitable  test  system.  Employing  on  oxygen  analyzer, 
it  has  been  possible  to  show  oxygen  uptake  with  cell  free  extrocts  of  M.  tuberculosis. 
This  uptake  wos  found  to  be  associated  with  a  particulate  froction  obtoined  by 
ultrocentrifugation.  NADH  was  furnished  in  substrote  quontity  or  formed  through 
a  NADH  generating  system  of  ethonol-ethanol  dehydrogenase  or  B-hydroxy-butyric 
acid-B-hydroxy-butyric  acid  dehydrogenose.  Respirotion  wos  inhibited  by 
amytal,  crinoline  N-oxide,  p-chloromercuribenzoate,  and  potassium  cyonide. 

The  foilure  to  demonstrate  oxidotive  phosphorylotion  in  these  preparations  moy 
reflect  the  high  endogenous  ATPase  activity. 

CONCLUSIONS: 

According  to  Brodie  the  respiratory  pothwoy  in  Mycobacterium  phtei  may  be 
depicted  in  the  following  manner; 
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By  inhibiting  respiration  with  quinoline  N -oxide  arid  omytol  the  extent  of 
"electron  bypass"  occurring  in  isoniazid-susceptible  and  isoniazid-resistant 
M.  tuberculosis  can  be  evaluated. 

RECOMMENDATIONS: 

It  is  proposed  that  this  work  be  continued  with  the  availability  of  personnel. 
PUBLICATIONS; 

1.  O'Barr,  T.  P.,  and  Smith,  M.  A.  Comparative  NADH-diaphorase 

content  of  isoniazid-resistant  and  isoniazid-susceptible  Mycobacterium 
tuberculosis.  Amer.  Rev.  Resp.  Disease,  99:  116,  1969" 

2.  O'Barr,  T.  P.  Rapid  electrophoretic  examination  of  diaphoreses  in 
Mycobacterium  tuberculosis.  Proc.  Soc,  Exptl.  Biol.  Med,,  131,  1969. 
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STUDY  NO.  2 

PROBLEM; 

To  obtain  information  concerning  carbohydrate  metabolism  in  drug-susceptible 
and  drug-resistant  Mycobacterium  tuberculosis. 

RESULTS  AND  DISCUSSION  OF  RESULTS : 

Following  the  demonstration  in  our  laboratory  that  considerable  amounts  of 
D-glucose  is  converted  to  trehalose  by  M.  tuberculosis,  the  nutritional  and 
physiological  significance  or  'his  compound  lias  been  of  interest.  A  variety 
of  evidence  points  to  a  unique  role  for  trehalose  in  the  growth  and  pathogen¬ 
icity  of  M.  tuberculosis.  Trehalose-6,.  6-dimycolate  (cord  factor)  is  toxic 
for  laboratory  animals,  causing  loss  of  weight  and  death  in  mice.  It  has  also 
been  proposed  that  the  acquired  resistance  to  tuberculous  infection  achieved 
ijy  immunization  with  cell  wall  preparations  is  due  to  the  presence  of  a  cord- 
factor  like  component.  From  a  nutritional  sense,  trehalose  may  play  an 
important  role  in  the  growth  of  M.  tuberculosis,  since  trehalose-amine  has 
beer  shown  to  possess  antimycobacterial  properties.  The  cpproach  employed 
has  been  to  prepare  carbon-14  labeled  trehalose  and  study  its  incorporation  ^ 
into  various  cell  fractions.  Data  thus  far  obtained  has  shown  that  trehalose-  C 
is  readily  fixed  into  lipid,  nucleic  acid,  and  residue  fractions.  It  is  planned 
to  subject  these  fractions  to  more  detailed  analyses  through  the  use  of  chromatog¬ 
raphy  and  chemical  fractionation. 

Within  this  work  area  a  collaborative  study  concerned  .^ith  developing  method¬ 
ology  for  the  quantitative  trapping  and  estimation  of  CC^  has  been  carried  out. 

CONCLUSIONS: 

Using  carbon-14  labeled  trehalose  it  has  been  possible  to  show  incorporation 
of  radioactivity  into  cell  fractions  of  M.  tuberculosis. 

RECOMMENDATIONS; 

It  is  recommended  that  the  lipid  fraction  extracted  from  M.  tuberculosis  after 
incubation  with  trehalose  be  examined  for  trehalose-lipid  components  which 
might  possess  toxic  as  immunogenic  properties. 


Carbohydrate  Metabolism 
inM.  tuberculosis 
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PUBLICATIONS: 


1.  O'Barr,  T.  P;  and  Rothlauf,  M.  V.  Metobolism  of  D-glucose  by 

— g^ct^ug  tuberculosis.  Submitted  for  journal  publication  May  1969. 

2.  Whitten,  B.  K.,  Beecher,  G.,  Liddle,  C.  G.,  and  O’Barr,  T.  P. 

fh 7*  traPPl'n9  ag€ntS  USed  inin  vl,ro  metabolic 
studies.  USAMRNL  Laboratory  Report  in  preparation] 
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STUDY  NO.  3 

PROBLEM: 


Pathways  of  Amino  Acid 
Synthesis  by  M .  tuberculosis 


To  examine  the  pothwoys  of  amino  acid  synthesis  in  drug-susceptible  and  drug- 
resistant  Mycobacterium  tuberculosis. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

Employing  experimental  procedures  described  in  the  1968  Annuol  Research 
Progress  Report,  studies  concerned  with  pathways  of  amino  acid  synthesis  in 
M.  tuberculosis  have  continued.  Briefly,  in  the  "isotopic  competition" 
technique  a  control  pattern  of  radioactivity  in  protein-bound  amino  acids  is  . 
established  for  M .  tuberculosis  grown  in  basol  media  containing  D-glucose-  C. 
as  the  sole  source  of  carbon.  The  control  pattern  furnishes  a  basis  for  comparison  with 
labeling  observed  in  protein-bound  amino  acids  when  M.  tuberculosis  is  grown 
in  D-glucose- media  supplemented  with  nonradioactive  amino  acids.  Not  only 
will  radioactivity  be  suppressed  in  the  supplemented  amino  acid  but  also  in  amino 
acids  that  are  reloted  through  biochemical  pathways.  In  this  manner  families  of 
amino  acids  have  been  established  in  the  metabolism  of  M.  tuberculosis.  Aspartic 
acid  suppresses  activity  in  a  large  number  of  amino  acids  but  more  so  in  isoleucine, 
threonine,  methionine,  and  lysine.  Glutamic  finds  its  way  into  a  number  of 
amino  acids  but  is  converted  directly  to  arginine  and  proline.  Pyruvate  is  incor¬ 
porated  into  valine,  leucine,  olonine,  and  serine  and  glycine.  Glycine  and 
serine  are  readily  interconvertable.  An  unexpected  finding  was  the  significant 
displacement  of  radioactivity  in  serine  by  homoserine.  The  supplementation  of 
basal  media  with  amino  acids  revealed  severol  examples  of  growth  suppression 
and  inhibition.  L-homoserine  effectively  prevented  growth  from  standard 
inocula  of  M.  tuberculosis.  The  site  of  inhibition  is  not  known  but  growth 
of  L-hamoserine-inhibifed  cells  is  restored  by  supplements  of  L-valine  and 
L-leucine.  The  complex  nature  of  the  relationship  is  revealed  by  the  fact  that 
in  the  absence  of  L-homoserine,  valine  and  leucine  are  inhibitory.  In  other 
examples,  the  addition  of  L -homocysteine  to  actively  growing  cultures  caused 
an  immediate  cessation  of  growth,  and  a-ominobutyric  wos  found  to  inhibit 
growth.  Consideration  is  being  given  to  the  possibility  thot  these  antagonisms 
represent  examples  of  "feed  back"  inhibition  or  "suppression".  It  is  interesting 
to  speculate  that  such  complex  relationships  have  a  bearing  on  the  slow  growth 
ofM.  tuberculosis. 
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Studies  in  Microbial  Metabolism  (Cant'd) 
CONCLUSIONS: 


3-  Data  to  date  indicate  that  many  amino  acids  are  synthesized  in  Mu  tuberculosis 
by  pathways  that  are  similar  to  those  tound  in  other  microorganisms/  although 
differences  have  been  noted  which  may  have  unique  significance  to  the  metabolism 
of  M.  tuberculosis.  Certain  intermediates  in  the  synthesis  of  amino  acids  were 
shown  to  exert  control  over  the  growth  of  M.  tuberculosis. 

RECOMMENDATIONS: 

Continue  to  study  pathways  of  synthesis  and  nutritional  interrelationships  of 
amino  acids  in  the  metabolism  of  M.  tuberculosis. 

PUBLICATIONS: 

Manuscript  reporting  pathways  of  amino  acid  synthesis  by  M.  tuberculosis  is 
in  preparation.  —  ~  — 
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23,  (U)  Tech  objectives:  To  design  aad  derelop  a  bio-medical  information  ayatem 
programmed  for  a  digital  computer,  capable  of  proceaaiag  medical  reaorde  under 
fully  automatic  controls,  The  computer  ayatem  will  proceaa  all  information 
requirement*  for  data  atorage,  retrieval,  analysis,  diaplay  and  presentation.  It 
aervea  to  expand  the  computer  effort  beyond  the  provisions  of  work  unit  067. 

24,  <17)  Approach)  The  Information  tor  tbia  ayatem  cornea  from  co-operative 
arrangements  with  the  cltntca,  through  the  Clinical  Reaearch  Office,  of  FGH,  and 
the  laboratory  divlalona  of  the  USAMRNL,  The  development  ot  the  ayatem  concept* 
will  be  joint  approach  involving  a  clinic  or  diviaton  and  the  Computer  Division, 
USAMRNL.  The  Computer  Diviaton  will  develop  the  computer  programming, 
statistical  and  mathematical  analyaia  aecaaeary  to  aceompliah  the  project, 

25,  (U)  Pfogreea:  (Jut  60  *  Jua  69)  Study  no,  1,  "Evaluation  of  Long  Term  Effect* 
ot  Oral  Contraceptive* "  baa  approximately  3,  900  caeee  in  the  file.  A  phyeici am 
report  form  bae  bean  added  to  the  data  being  collected.  Initial  reporta  have  been 
aent  to  the  phyalciaaa.  Analyaia  la  being  conducted  to  build  a  mathematical 
model  ot  the  effecta.  Study  no.  2,  "A  Natural  Language  Syetem  for  the  Tumor 
Reaearch  Registry,  EOM.  "  The  data  format  and  input  forming  program*  are 
currently  being  developed. 
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AMO  14#s*f  i  MAM  6S  [EOM  AHMy  USE  i  A  ME  OBSOLETE 


\  *b*d  ' 
NAM  M 


ABSTRACT 


3A'/ollw.'B71fc  Research  in  Biomedical  Sciences 

OJ  internal  Medicine 

\H<U  Biomedical  Information  Systems 

Design 

Tlie  following  investigations  nave  been  conducted  tinder  this  work  tin  it  1 

STUDY  DO,  11  The  Evaluation  of  Long-Term  L/se  of  Oral  Contraceptives 

STUDY  NO,  2i  Hie  Development  of  a  natural  (Luglisu;  Language 

Information  System  for  the  Tumor  Research  Registry, 

P iteaimons  nenetal  hospital 

STUDY  oO,  3 I  General  Programming  and  fhippurt  Development 

This  work  unit  serves  to  develop  methods  for  automating  medical  data 
in  cooneratlou  with  Fittsimotis  General  Hospital,  Coordination  With 
the  hospital  is  through  the  services  concerned  and  clinical  Research 
Service, 

Studv  no,  1,  with  the  OB-QYM  Service,  Is  a  system  to  collect,  stote, 
retrieve  and  analyse  patient  data  relevant  to  the  evaluation  t>f  oral 
contraceptives. 

Study  no,  2,  with  the  Tumor  Registry,  ie  the  development  of  a  computer 
based  system  which  will  accept  the  kngllah  prose  generated  by  the 
physician  and  maintain  this  information  in  a  logical  file  system,  Tne 
people  Involved  are  not  required  to  generate  ativ  coding  material, 

Studv  no,  3,  serves  to  develop  the  necessary  supporting  program  for 
the  effective  use  of  the  computer.  Tills  work  includes  the  control 
system  programming,  language  usage  prog ramming ,  some  statistical 
otogtamming  and  support, 


pfco.li.CT  :«», 
TASK  ;,o, 
tiOKk  til, IT  NO, 


lf>0 


liODY  OP  REPORT 


'./ORK  UWl'f  HO,  Ub4  .■  biomedical  Information  Systems 

Des  1  gn 

STUDY  110#  1  The  Evaluation  of  the  Long-Term 

Use  of  Oral  Contraceptive*! 

PKOttLEMI 

There  Is  a  need  to  develop  computer  based  information  systems  which 
have  the  capability  to  process  the  requirements  for  evaluating  lout* 
term  medical  regimens,  Such  programs  present  unique  problems  as 
regards  information  processus  of  data  collection,  storage,  analysis 
and  retrieval#  The  long-term  administration  of  oral  contraceptives 
provides  an  excellent  model  for  such  an  information  system.  Addition¬ 
ally,  it  is  necessary  to  continuously  monitor  and  evaluate  the  effects 
of  long-term  use  of  oral  contraceptives  througn  statistical  methods 
and  systematic  ciassification  techniques, 

RESULTS  AM  tliSCUSSlOU  OP  Tilt  RESULTS  l 


The  study  was  begun  on  1  March  1967,  A  questionnaire  was  administered 
to  eacli  patient  upon  entry  into  the  Oil-OYM  family  planning  section, 

A  physician  summary  was  completed  for  each  of  the  patients.  A  number 
of  subjects  were  selected  from  other  sections  of  the  service  to  provide 
additional  information,  This  data  was  continuously  updated  to  form  a 
chronological  patient  record  which  could  be  accessed  under  physician 
command,  A  retrieval  eyatem  was  developed  to  produce  a  report  to 
the  physlclana  baaed  on  individual  or  group  analyaia.  Information 
generated  by  this  report  showed  that  the  data  being  collected  did 
not  give  the  criteria  to  make  an  evaluation  of  the  effects  of  the 
oral  contraceptives.  The  data  collection  procedure  was  revised  to 
include  more  physician  generated  information  (checklists  and  summaries; 
and  data  concerning  other  drugs  which  the  subjects  could  be  taking. 
Provisions  have  been  made  to  include  physicians '  comments  as  a  part 
of  the  subject  record.  The  new  data  formats  are  being  stored  in  the 
patient  record  and  a  new  system  of  interrogation  is  beiug  developed. 

CONCLUSIONS! 


The  new  data  collection  provides  a  method  consistent  with  the  examina¬ 
tion  procedures  used  in  the  OH-OYN  Service,  The  data  being  collected 
is  more  relevant  to  the  evaluation  of  the  effects  of  the  oral  contra¬ 
ceptives, 

Statistical  routines  have  been  developed  which  can  perform  the  necessary 
data  manipulation  necessary  for  evaluation  of  the  information. 
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OiCTiedical  Information  Systems  Design  (Ccmt'd) 

RECQfWKlIMTlOIISi 

1.  Pevelonment  of  nrogram  to  facilitate  information  storage  should 
be  continued. 

2  i  Establish  nattern  recognition  programs  for  feedback  to  the  examlninr 
nhysician. 

GTUDY  !J0.  2  The  Development  of  a  datura!  (English) 

Language  Retrieval  System  for  the 
Tumor  Research  Registry,  Fitxsimons 
Dene^al  Hospital 


PHURL1H: 

Methods  tailored  to  the  structural  and  functional  characteristics  of 
the  electronic  digital  computer  must  be  develoned  to  process ,  under 
automatic  controls,  medical  information  documented  in  natural  language. 
Rant,  experience  has  demonstrated  that  the  time-honored  technique  or 
assigrlng  codes  to  information  documented  in  natural  language  proso 
rives  rise  to  formidable  problems,  This  study  alms  to  achieve  a 
means  '•or  processing  the  ecmnuter  input  and  retrieval  of  information 
in  the  English  language  familiar  to  medical  personnel.  These  functions 
must  hr  achieved  vlth  no  encoding  of  information  prior  to  computer 
input  or  preliminary  to  communication  with  the  computer,  and  no  decodinr 
of  information  output  fran  the  ecmnuter. 

HEGULTG  A11D  DIGCtJGGlOll  OF  THE  REGULTDs 

A  programming  system  to  take  unformated  and  uncoded  Tumor  Registry 
data  is  being  written  to  facilitate  the  information  handling  of 
large  bodies  of  unstructured  data.  This  program  will  convert  the 
data  into  a  structured  file  format  for  update  in  the  general  patient 
master  file,  This  data  will  be  stored  In  a  retrievable  fon-  under 
conditions  of  logic  expressed  by  the  participating  service,  The 
data  may  be  retrieved  by  location,  disease,  process,  modifier  processes, 
person,  time  or  sny  combination  of  the  preceeding,  Follow-up  reports 
will  be  generated  by  programming  system. 

CONCLUSlOilG; 

Rased  on  the  beginning  programming  effort,  it  was  discovered  that  a 
concept  of  fixed  input  formats  only  did  not  resolve  the  problems  of 
information  handling.  The  formats  did  not  allow  the  latitude  needed 
for  discussion  of  complicated  cases  which  occur, 
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biomedical  information  systems  Design  (t'nht'd) 

The  solution  has  been  to  augment  unable  formats  with  non- formatted 
data  for  a  full  coverage  of  the  case  involved, 


KKCUir-LllDATlUllS: 


Continue  the  program  development  needed  for  the  ImplementntJ  ot.  e, *• 
sys  ten. 

STUDY  liO.  3  General  Prog  ear-mi  nr  and  wt.ort 

Development 

PM'Jil-LliM: 


’!’o  facilitate  the  application  of  the  computer .  certain  baa  in  r  nvrn>"r  :  nr 
must  be  developed,  This  type  of  programming  in  of  a  general  navir**  and 
applicable  to  mahy  different  projects. 

RESULTS  AMD  D1SCUB810W  OF  RESULTS) 

'iv o  programming  languages*  30l  Assembly  and  Fortran  ii,  were  implement*" 
an  standards  by  the  Computer  Division.  These  replace  the  joi  Machine 
Language  as  the  standard.  The  Assembly  Language  is  used  for  all 
programming  except  that  of  a  mathematical  or  statistical  nature,  .im 
Fortran  11  Is  used  for  the  mathematical  and  statistical  programs. 

A  Program  Library  Tape  system  has  been  instituted  for  the  loading 
and  execution  of  the  routines  used,  'ibis  tape  cohtains  a  resident 
control  program  which  remains  ih  core  memory  throughout  program 
execution  and  the  programs  developed  by  the  division. 

a  Pseudo  Code  Tape  is  now  maintained  for  all  programs  written,  ibis 
tape  contains  the  source  program  vhich  can  be  modified  and  reassembled 
if  the  heed  arises. 

The  programs  vhich  are  applicable  to  all  of  the  projects  nre  bet  nr 
developed.  These  are*,  deheral  Data  File,  deheral  system  File, 
Mathematical,  and  Statistical  routines.  Rome  data  collected  by  otL*  r 
divisions  of  the  laboratory  end  the  Clihical  Research  service  has 
been  analyzed  through  these  general  programs,  The  following  support 
was  provided: 

1,  Psychology  Branch  -  statistical  analysis  and  equipment 

consultation 

2,  Physiology  -  statistical  analysis 

3,  Chemistry  -  statistical  analysis 
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Biomedical  Information  Systems  Design  (Cont'd) 

1*.  Metabolic  -  mathematical  and  statistical  consultation 

5.  Cardiology  -  statistical  analysis 

6.  Pulmonary  Function  -  statistical  and  mathematical  analysis 

and  consultation 

RECOMMENDATIONS: 


1.  Development  of  general,  routines  be  continued. 

2.  The  statistical  and  mathematical  support  be  done  under  a  new  protocol. 
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23.  (U)  Tech  Obj.  :  To  measure  the  extent  and  rates  of  acclimatization;  to  investigate  tl< 

physiology,  biochemistry  and  pharmacology  of  the  organ  systems  causing  the  mountain  ] 
sickness  syndrome  and  pulmonary  edema;  and  to  attempt  to  minimize  the  symptoms  by  ; 
selection,  conditioning,  graded  environmental  exposure,  nutrition,  drugs  or  other  var-5 
iables.  '  j 

24.  (U)  Approach:  The  hypothesis  that  a  high  carbohydrate-low  fat  diet  by  providing  the) 
body  with  readily  metabolizable  energy  will  reduce  the  clinical  mountain  sickness  syn 
drome,  alleviate  the  physical  performance  decrement  observed  during  abrupt  exposure*) 
and  decrease  the  blood  biochemical  changes,  will  be  evaluated  in  the  human.  Standard  jj 
i.  v.  glucose  tolerance  tests  wilt  be  performed  in  volunteer  humans  at  Denver  (1500  me-e 
ters)  and  at  4300  meters  after  two  or  more  weeks  of  ingesting  liquid  diets  containing 
either  a  normal  or  a  high  carbohydrate  distribution  of  calories.  Serum  levels  of  fat  am  I 
carbohydrate  intermediate  metabolites  will  be  determined  before,  during  and  after  sub- 
maximal  exercise  tests.  Labeled  glucose  will  be  administered  to  sea  level  natives  (one 
group  to  be  infused  at  sea  level  and  the  second  group  to  be  infused  after  abrupt  exposure 
to  high  altutude)  to  compare  the  rates  of  glucose  turnover  under  these  conditions.  The 
physiology  and  nutrition  of  other  mammals  will  be  studied  in  chambers  and  environment  s 
above  14,200  ft. 

25.  (U)  Progress:  (Jul  68  -  Jun  69)  In  the  1968  study,  under  conditions  where  the  men 
consumed  a  complete  ration,  oral  glucose  tolerance  tests  were  not  affected  by  altitude 
exposure  in  comparison  to  sea  level  tests  at  Ft.  Sam  Houston,  Texas.  The  analysis  of 

he  data  from  the  i.  v.  glucose  tolerance  tests  and  measurements  of  intermediate  metab- 
lites  of  fat  and  glucose  metabolism  has  not  been  completed. 

Mil, 61.  I.  t<w.l>«clon  gw  «rt.*uror»«  m.ht.1  tf>  *5 
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ABSTRACT 


PROJEC1  NO. 

3A061102B71R 

Military  Environmental 
Medicine 

WORK  UNIT  NO. 

080 

High  Altitude  Bioenergctics 
(Basic) 

Feeding  high  carbohydrate  -  low  fat  diets  reduced  the  clinical  symp¬ 
toms  observed  after  abrupt  altitude  exposure  and  increased  maximal 
work  capacities,  so  two  more  human  studies  were  performed. 

In  the  first  study,  16  men  were  fed  1300  calories  of  normal  foods. 

Eight  of  these  men  (6  exercisers,  2  sedentary)  received  1800  calorics 
of  carbohydrate  -  protein  liquid;  the  remaining  8  (5  exercisers,  3 
sedentary)  received  1800  calories  of  carbohydrate -fat-protein  supple¬ 
ments.  Caloric  consumption  averaged  over  3300  Cal/day  at  altitude 
(35-3600  at  sea  level)  in  all  except  the  normal  supplemented  sedentary 
subjects.  Oral  glucose  tolerance  tests  were  normal,  nitrogen  balances 
were  positive  and  no  body  weight  or  water  losses  were  found  at  alti¬ 
tude  which  is  in  contrast  to  observations  from  previous  studies  where 
food  consumption  was  greatly  reduced  after  abrupt  altitude  exposure. 

It  would  appear  that  many  of  the  effects  previously  attributed  to 
altitude  exposure  were  due  to  caloric  restriction  per  se. 

The  second  study  was  performed  on  6  conscientious  objector  volunteers 
from  the  Metabolic  Ward,  'i’hree  of  these  men  received  a  high  carbo¬ 
hydrate-low  fat  liquid  diet,  and  3  received  the  normal  caloric  distri¬ 
bution  diets.  The  men  were  studied  for  9  weeks  during  physical 
training  at  Denver,  and  then  the  measurements  were  repeated  during 
3  dayrs  at  altitude.  Measurements  of  intravenous  glucose  tolerances, 
water  balances,  calories,  nitrogen,  and  minerals,  physical  perform¬ 
ance,  body  composition,  and  changes  of  free  fatty  acids,  triglycerides 
and  cholesterol  in  blood  during  treadmill  walks  were  performed,  but 
the  analyses  of  samples  and  data  have  not  been  done. 
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WORK  UNIT: 


BODY  OF  REPORT 


High  Altitude-  Bioonergetic  s 
(Basic ) 


080 


PROBLEM: 

The  detrimental  effects  of  abrupt  altitude  exposure  upon  physical  per¬ 
formance,  physical  well-being,  and  mental  functions  have  been  studied 
along  with  the  influence  of  high  carbohydrate  -  low  fat  diets  upon  these 
effects.  Since  these  diets  were  beneficial  in  reducing  the  altitude  syn¬ 
drome,  the  intermediary  metabolism  of  energy  and  nitrogen  could 
yield  further  information  on  the  mechanisms  involved  in  causing  the 
nausea,  headaches,  etc.,  and  those  which  are  affected  by  diets. 

This  information  could  indicate  means  of  enhancing  the  beneficial 
effects  of  the  diets  by  selective  use  of  carbohydrate.  To  obtain  this 
information,  two  studies  have  been  performed  with  human  volunteers 
and  further  studies  have  been  planned  in  both  man  and  animals. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

In  the  1968  study,  8  men  (6  exercisers,  2  sedentary)  received  a  high 
carbohydrate  -  low  fat  diet,  and  8  men  (5  exercisers  and  3  sedentary) 
a  normal  diet.  All  of  the  men  received  1800  calories  of  normal  foods 
and  1800  calories  of  either  high  carbohydrate  liquid  or  normal  caloric 
distribution  liquid  diets.  The  men  consumed  3300  calorics  per  day  at 
altitude,  and  oral  glucose  tolerance  tests  were  not  affected  by  altitude. 
This  is  in  contrast  to  other  studies  when  the  subjects  did  not  consume 
more  than  about  800-1200  Cal/day.  With  adequate  caloric  intakes,  the 
previously  observed  body  weight,  water  and  nitrogen  or  protein  losses 
were  not  found.  This  would  indicate  that  many  of  the  effects  previously 
attributed  to  altitude  exposure  or  hypoxia  were  due  to  the  reduction 
of  caloric  consumption  at  altitude.  High  carbohydrate  -  low  fat  and/or 
moderate  to  heavy  exercise  reduced  the  severity  and  duration  of  clini¬ 
cal  symptoms  after  abrupt  altitude  exposure. 

In  the  1969  study  (completed  June  1969),  6  men  (3  receiving  a  normal 
composition  liquid  diet,  and  3  a  high  carbohydrate  -  low  fat  diet)  were 
studied  extensively  at  Denver  while  training  to  determine  the  effects  of 
diet  at  this  elevation.  These  studies  included  complete  balances  of 
water,  calories,  nitrogen  and  minerals  (Na,  K,  Ca  and  Mg),  maximal 
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High  Altitude  Bioenergetics  (Basic) 

work  performance,  oxygen  consumption,  body  compositional  changes, 
intravenous  glucose  tolerance  tests,  and  changes  in  blood  levels  of 
free  fatty  acids,  triglyceride  and  cholesterol  during  rest  and  exer¬ 
cise.  Ail  of  the  tests  were  repeated  at  biweekly  intervals  and  once 
at  altitude.  Analyses  of  the  samples  and  data  have  just  begun,  so 
very  few  results  are  known.  From  work  times  on  the  maximal 
performance  tests,  the  differences  in  diets  did  not  appear  to  affect 
physical  performance  at  the  Denver  altitude. 

CONCLUSIONS; 

By  feeding  one-half  normal  foods  and  one-half  of  the  calorics  as 
liquid  diets,  caloric  consumption  was  maintained  during  abrupt 
altitude  exposure  with  the  prevention  of  decreased  glucose  toler¬ 
ances,  hypohydration,  body  weight  losses  and  negative  nitrogen 
balances  usually  associated  with  early  exposure  to  altitude. 
Symptomology  was  greatly  reduced  by  both  high  carbohydrate  - 
low  fat  diets  and  physical  activity. 

Since  the  1969  altitude  study  has  just  been  completed,  analyses  of 
samples  and  data  have  not  been  performed  so  that  no  conclusions 
are  available. 

RECOMMENDATIONS: 

Completion  of  work  started  on  the  1969  altitude  study  and  preparation 
of  reports  of  the  results  and  conclusions. 

Further  studies  on  the  metabolism  of  glucose  at  altitude  using  14-C 
glucose  to  ascertain  pool  sizes,  hepatic  release  of  glucose  from 
glycogen  stores  and  glucose  uptake  and  utilization  by  peripheral 
tissues. 

Animal  studies  on  the  influences  of  diet  and  exercise  upon  various 
enzymic  activities  involved  in  energy  utilization  and  storage  and  in 
protein  anabolism  and  catabolism. 
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23.  (U)  Tech  Objective;  The  purpose  of  tbit  work  unit  is  to  describe  the  effects  of 
hypoxia,  particularly  that  induced  by  high  altitude  exposure,  on  cardiovascular  and 
pulmonary  function.  The  basic  aspects  of  cardiopulmonary  physiology  will  be  empha¬ 
sised  Including  the  chABges  in  hemodynamics,  regional  blood  flow,  blood  composition, 
myocardial  function,  etc.  Tha  relationships  and/or  influence  of  the  caidtopulmonary 
function  on  other  body  systems  or  functions  will  also  be  investigated. 

24.  (U)  Approach:  These  studies  will  be  conducted  primarily  in  laboratory  animals, 
but  on  occasion,  wild  species,  e.  g. ,  thirteen-line  ground  squirrels,  will  be  employed. 
Generally,  standard  physiological  and  biochemical  procedures  will  be  used,  depending 
upon  the  particular  functional  aspect  which  is  to  be  investigated.  The  studies  will  be 
conducted  under  various  hypoxic  gaa  mixtures,  in  environmental  test  chambers,  or  at 
actual  high  altitude  field  sites.  The  latter  will  be  used  primarily  for  long-term  or 
acclimatisation  studies. 

25.  (U)  Progress  (Jul  68«Jun  69)  Preliminary  experiments  have  demonstrated  that  high 
altitude  exposure  increases  cerebral  Spinal  fluid  pressure  and  common  carctid  blood 
flow.  Rat  brain  water  (dry  wetght/wet  weight)  was  not  altered  after  four  hours'  exposur 
to  20,  000  feet  altitude,  by  the  administration  of  5  mg/kg  furosetnide.  There  was  no 
statistical  difference  between  brain  water  content  of  low  and  high  attitude  exposed 
animals.  Further  studies  will  be  continued  under  worhi  unit  082  Metabolic  Effects  of 
Altitude,  Agency  Accession  DA  OA  6339. 
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ABSTRACT 


3A061102B71R  Research  in  Biomedical  Sciences 

03  Environmental  Medicine 

081  Cardiovascular  and  Pulmonary 

Responses  at  High  Altitude 

The  following  investigation  has  been  conducted  under  this  work  unit; 

STUDY  NO.  6:  The  Response  of  the  Coronary  Vasculature 

and  Tissue  Fluid  Compartments  to  Decreased 
Oxygen  Supply 

Recent  studies  of  acute  mountain  sickness  (AMS)  have  reimplicated 
cerebral  edema  and  cerebrospinal  fluid  hypertension  in  its  etiology. 

As  a  result,  increased  cerebral  blood  flow  has  been  suggested  as  a 
determinant  of  the  edema  and  hypertension. 

Unanesthetized  dogs  implanted  with  carotid  artery  electromagnetic 
flowmeters  and  clsternum  magnum  cannula,  connected  to  a  pressure 
transducer,  were  studied  at  5,  280  ft.  and  during  a  slow  ascent  (30 
minutes)  to  14,000  ft.  in  a  hypobaric  chamber.  During  the  ascent, 
total  carotid  flow  increased.  Cerebrospinal  fluid  pressure  rose 
immediately  to  100  mm  l^O  when  the  ascent  began.  It  then  slowly 
rose  to  450  mm  H2O  during  the  ascent.  During  descent,  it  returned 
to  control  values  within  30  minutes  after  the  chamber  was  reduced  to 
ambient  pressure. 

Male  Holtzman  rats  (300  g)  were  given  20  mg  Furosemide/kg  orally. 

Six  control  and  six  Furosemide  treated  animals  were  rapidly  brought 
to  20,  000  ft.  in  a  hypobaric  chamber,  They  remained  there  for  four 
hours.  After  rapid  descent  they  were  sacrificed,  brains  were  satnpled, 
weighed  and  dried  at  50°  C  to  constant  Weight,  No  difference  was 
observed  between  the  dry/wet  tissue  ratio  of  both  groups  of  animals. 
Moreover,  no  statistical  difference  was  observed  between  this  ratio 
in  low  and  high  altitude  exposed  animals. 

The  results  of  this  study  have  suggested  that  at  least  some  of  the 
symptoms  of  AMS  are  related  to  increased  cerebral  blood  flow  and 
cerebrospinal  fluid  hypertension  but  not  to  cerebral  edema. 
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WORK  UNIT  NO.  08  1  Cardiovascular  ahd  Pulmonary 

Responses  at  High  Altitude 

STUDY  NO.  ('  The  Response  of  the  Coronary 

Vasculature  and  Tissue  Fluid 
Compartments  to  Decreased 
Oxygen  Supply' 

PROBLEM: 

Acute  mountain  sickness  (AMS)  is  a  syndrome  that  occurs  In  a  sig¬ 
nificant  part  of  sea  level  dwellers  who  are  transported  to  high  altitude 
(14,000  ft.)  and  remain  there.  Studies  have  implicated  a  redistribution 
of  blood  volume  such  that  cerebral  blood  flow  increases  causing  cere¬ 
bral  edema  and/or  cerebrospinal  fluid  hypertension.  The  severity  of 
this  illness  reaches  a  peak  during  the  first  two  days  at  altitude  and 
decreases  to  minimal  levels  after  4  to  t  days  at  altitude.  This  study 
is  directed  toward  relating  the  course  of  AMs  With  changes  in  cerebral 
blood  flow,  cerebrospinal  fluid  pressure  and  cerebral  water, 

RESULTS  AND  DISCUSSION  OP  RESULTS! 

Unanesthetized  dogs  Implanted  with  carotid  artery  electromagnetic 
blood  flow  probes  and  a  cannula  inserted  into  the  cisternum  magnum 
were  used.  The  cannula  was  connected  to  a  pressure  transducer. 

The  animal  was  placed  In  the  hypobaric  chamber,  control  measure* 
ments  were  made.  The  chamber  was  then  evacuated  slowly  to  rise 
at  the  rate  of  300  ft/min,  The  pressure  in  the  chamber,  therefore, 
reached  a  pressure  equivalent  to  14,  000  ft,  altitude  in  30  minutes, 

The  animals  Were  kept  at  this  pressure  for  two  hours,  The  chamber 
was  then  pressurized  at  the  same  rate  as  it  was  evacuated.  Cerebro¬ 
spinal  fluid  pressure  (CSEP)  was  originally  10  mm  H^O;  as  the  evacu¬ 
ation  procedure  started,  it  rose  immediately  to  100  mm  l^Ot  during 
the  evacuation  It  slowly  rose  and  continued  to  rise  during  the  Z  hour 
period  at  14,  000  ft,  pressure  to  450  mm  H^O.  At  the  start  of  pres¬ 
surization,  CSEP  dropped  100  mm  H^O  immediately;  it  slowly  declined 
during  pressurization  ahd  reached  control  levels  within  30  minutes 
after  ambient  pressure  was  achieved,  During  the  experiment,  carotid 
blood  flow  was  significantly  increased  above  control.  However,  the 
flow  increased  immediately  upon  evacuation  and  remained  at  this  level 
through  the  periods  of  evacuation,  maintenance  and  pressurization.  It 
returned  toward  control  during  the  period  after  the  chamber  reached 
ambient  pressure, 
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Cardiovascular  and  Pulmonary  Responses  at  High  Altitude  (Cont'd) 


Brain  water  (dry/wet  tissue)  of  rats  kept  at  5,  ABO  ft.  was  not  different 
from  brain  water  of  rats  exposed  to  a  pressure  equivalent  to  AO,  000 
ft.  altitude!  80.  1%  vs  7  9.3%.  Six  rats  were  given  Purosemide  20  mg/ 
kg  orally*  placed  in  the  hypobarlc  chamber  and  evacuated  to  the  20,  000 
ft.  equivalent  pressure.  After  four  hours  at  this  pressure,  the  animals 
were  rapidly  brought  to  ambient  pressure,  The  dry/wet  brain  tissue 
ratio  of  these  animals  was  Hi, 4%.  In  this  method  of  determining  brain 
water  content  with  and  without  a  diuretic,  altitude  was  not  effective  In 
altering  brain  water.  However,  the  dog  experiment  did  show  that  alti¬ 
tude  causes  cerebrospinal  fluid  hypertension, 

R  PCOMMENDA  TtONSl 

1,  Purther  studies  are  heeded  to  ascertain  changes  ih  cerebral  blood 
flow,  cerebrospinal  fluid  pressure  and  production,  and  their  inter¬ 
relation  during  acute  high  altitude  exposure, 

2.  Hue  to  the  loss  of  two  civilian  scientists  because  of  manpower 
reductions  imposed  upon  this  Laboratory,  to  a  lesser  extent,  the 
reduction  In  financial  support  and  to  effect  better  management  or 
resources,  research  under  this  work  unit  will  be  discontinued. 

Future  efforts  of  this  work  unit  will  be  transferred  in  PY  10  to 
Work  Unit  082,  Metabolic,  Physiological  and  Psychological  Effects 
of  Altitude, 
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23,  (0)  Tech  Objective)  Research  under  thlo  work  unit  will  be  directed  toward  descn' 
ing  the  varioue  metabolic  delects  produced  either  directly  or  indirectly  by  hypoxic  n< 
poeure  in  laboratory  animale.  It  will  also  be  concerned  with  describing  the  pattern  *< 
extent  el  metabolic  adaptations  aseociatsd  with  hypoxic  exposure,  both  acute  and 
chronic,  Attention  will  be  given  to  the  belle  physiological  and  biochemical  mcchanu 
which  underlie  the  defect*  And  adaptations  which  ars  observed, 

24,  (U)  Approach)  Laboratory  animals  were  subjected  to  actual  high  altitude  environ 
ment  with' varioue  levels  of  dietary  Intakes  In  order  to  describe  the  efficiency  of  foe) 
utilisation  aaaociated  with  hypoxia,  This  study  was  largely  concerned  with  energy, 
nitrogen,  water  and  mineral  balances.  Protein  free  diets  were  fed  to  animals  at 
Denver  and  Pikes  Psak  altitudes  to  study  nitrogen  metabolism  and  apparent  nitrogen 
digestibility.  Brown  and  white  adipose  tissue  incorporation  of  glucose  and  acetate  uu 
fatty  aclda  was  studied,  Myocardial  and  skeletal  mitochondrial  oxidation  of  pelmnat- 
wat  studied  in  rats,  rabbits  and  dogs  exposed  to  high  altitude, 

23.  (U)  Progress  (Jul  68-Jun  69)  Growth  In  rata  fed  protein  free  dlete  wee  signifi¬ 
cantly  leas  uian  control  at  Denver  altitude.  Urine  ana  facet  nitrogen  levels  are  pre 
•  ently  being  determined.  Differences  in  the  Incorporation  of  glucose  and  acetate  tntn 
fatty  acids  botweon  low  and  high  altitude  exposed  animals  have  suggested  that  brown 
fat  does  react  to  the  stress  of  nigh  altitude,  Canine  myocardial  mitochondria  expose! 
to  high  altitude  had  an  Increased  ability  to  audios  pslmitate  *1-  C  to  wOO;>.  Altitun 
exposure  hed  little  effect  on  palmttate  oxidation  In  rat  heart.  There  was  a  decreased 
ability  in  high  altitude  ^exposed  rabbits  to  oxidise  palmitats.  Altitude  exposure  had 
Utils  effect  on  ealmltate  oxidation,  oxygen  uptake,  glycolysis  and  phosphate  potential 
n  mitochondrial  preparations  of  skeletal  muscla  in  each  species. 
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The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  8:  Comparative  Lipid  Profiles  of  Serum  from 
Rats,  Dogs  and  Humans  Exposed  to  High 
Altitude  (14,  100  ft. ) 

STUDY  NO.  9;  Effects  of  Altitude  on  the  Myocardium  of 
Animals 

STUDY  NO.  10:  Relative  Effects  of  High  Altitude  and  Con¬ 
comitant  Anorexia  on  Weight  Gain  and  Body 
Composition  of  the  Rat 

STUDY  NO.  11:  Effect  of  Attitude  oh  Metabolic  Eecal  Nitrogen 
and  Endogenous  Urinary  Nitrogen 


In  most  species,  including  man,  high  altitude  exposure  is  associated 
with  a  loss  in  body  weight.  Studies  in  this  division  have  indicated 
that  the  weight  loss  is  largely  due  to  a  reduction  in  body  fat,  Altitude 
stress  also  resulted  In  a  decreased  efficiency  of  food  utilisation.  How¬ 
ever,  the  relative  significance  of  hypoxia  per  se  and  the  hypoxia-induced 
anorexia  on  the  loss  of  body  weight  has  not  teen  delineated.  The  present 
studies  were  aimed  at  an  understanding  of  the  change  in  lipid  and  nitro¬ 
gen  metabolism  during  acute  high  attitude  stress.  In  the  serum  lipid 
profile  investigation  (Study  8)  ten  humans  were  studied  for  14  days  at 
sea  level  and  nine  days  at  high  altitude  (14,  100  ft).  Serum  lipid  pro¬ 
files,  determined  on  Day  12  at  sen  level  and  on  Days  1,  4,  6,  7,  8  and 
9  at  altitude  showed  that  free  fatty  acids  rose  on  the  first  day  at  altitude 
and  remained  there  and  triglycerides  were  above  control  from  Day  6 
to  Day  9  at  altitude,  These  changes  probably  reflected  neuroendocrine 
alterations  in  mobilisation  of  stored  lipids  during  high  altitude  stress. 

In  studies  9,  10  and  ll  animals  were  used.  Mitochondrial  oxidation 
from  myocardial  and  striated  muscle  of  dogs,  rat  and  rabbit  was 
examined  at  5,250  ft,  and  after  three  months  at  14,  100  ft,  Altitude 
exposure  had  little  effect  on  striated  muscle.  Canine  myocardial 
mitochondria  from  exposed  animals  had  an  increased  ability  to  oxidise 
palmitate- 1- to  ^CO^,  Altitude  exposure  had  little  effect  on  rat 
heart  palmitate  oxidation,  There  was  a  decreased  ability  of  rabbit 
myocardial  mitochondria  to  oxidise  palmitate,  The  observations 
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suggest  a  similarity  between  the  effect  of  altitude  exposure  on  rabbll 
and  rat  myocardium  and  the  effect  of  artificially-induced  heart  fallnri 
In  experimental  animals.  In  Studies  Id  and  11.  the  weight  loss  of 
1 4 1  100  ft*  altitude  exposed  animals  was  similar  to  that  of  S,  2nd  it. 
pair- fed  control  animals.  Increased  rates  of  endogenous  urinary 
nitrogen  and  metabolic  fecal  nitrogen  were  not  observed  in  altitude 
exposed  animals.  Weight  loss  at  altitude  seems  to  be  related  to 
anorexia  rather  than  hypoxia. 


BODY  OF  REPORT 


WORK  UNIT  NO.  082  Metabolic  Effects  of  Altitude 

STUDY  NO.  8  Comparative  Lipid  Profiles  of 

Serum  from  Rats,  Dogs  and 
Humans  Exposed  to  High  Altitude 
(14,100  ft.) 

PROBLEM: 

In  most  species,  including  man,  acute  high  altitude  exposure  is 
associated  with  a  loss  of  body  weight.  Studies  in  this  division  have 
indicated  that  weight  loss  is  largely  due  to  a  reduction  in  body  fat. 
Several  factors  may  be  responsible  for  the  decrease  in  body  fat  at 
high  altitudes.  Data  in  the  open  literature  indicate  that  hypoxia, 
caloric  restriction  and  malabsorption  may  all  be  involved  in  the  loss 
in  body  fat  at  high  altitude.  Changes  in  lipid  metabolism  at  high  alti¬ 
tude  may  be  reflected  by  alterations  in  serum  lipids.  Only  a  few 
sti  dies  pertaining  to  the  effect  of  acute  high  altitude  exposure  on  serum 
lipids  have  been  reported.  In  the  present  study,  serum  FFA,  phospho¬ 
lipid,  triglyceride  and  cholesterol  fractions  were  measured  and  the 
fatty  acid  composition  of  these  lipids  determined  in  ten  healthy  male 
subjects  maintained  on  a  liquid  diet  for  14  days  at  sea  level  and  during 
a  nine-day  exposure  to  an  altitude  of  14,  100  feet.  Alterations  in  the 
total  concentration  and  fatty  acid  composition  of  these  serum  lipid 
fractions  were  correlated  with  changes  in  caloric  intake.  The  effects 
of  hypoxia  and  caloric  restriction  on  lipid  metabolism  at  high  altitude 
are  discussed. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

A  mean  weight  loss  of  4.27  kg.  occurred  during  the  nine-day  exposure 
period  at  14,  100  ft.  A  marked  reduction  in  caloric  intake,  falling  to 
250  g,  occurred  on  the  first  day  of  altitude  exposure.  Caloric  intake 
rose  to  1500  g  on  the  fifth  day  of  exposure,  then  declined  again.  A 
caloric  reduction  of  this  magnitude  would  probably  be  accompanied  by 
a  more  extensive  catabolism  of  tissue  than  was  observed  in  previous 
studies  where  solid  diets  were  used.  This  factor  may  account  for  the 
greater  weight  loss  reported  in  this  study. 

Serum  FFA  increased  on  Day  1  at  14,  100  ft.  and  remained  elevated 
throughout  the  high  altitude  exposure.  There  was  a  significant  nega¬ 
tive  correlation  (r  =  0.  69,  P<0.  001)  between  serum  FFA  levels  and 
caloric  intake.  Serum  triglycerides  were  significantly  higher  on 


176 


Metabolic  Effects  of  Altitude  (Cont'd) 


Days  6,  7,  8  and  9  while  no  change  in  total  cholesterol  or  serum 
phosphorous  was  observed. 

The  rise  in  serum  FFA  levels  observed  at  14,  100  ft.  may,  in  part, 
be  explained  by  an  increase  in  sympathetic  activity.  Hypoxia,  how¬ 
ever,  is  associated  with  caloric  restriction  which  will  also  cause 
an  increased  serum  FFA.  In  the  present  study,  a  significant  nega¬ 
tive  correlation  between  serum  FFA  levels  and  caloric  intake  was 
found.  This  would  suggest  a  direct  effect  of  caloric  restriction  on 
serum  FFA.  It  is  known  that  adrenal  cortical  activity  is  increased 
during  acute  high  altitude  exposure.  Glucocorticoids,  growth  hor¬ 
mone  and  thyroxine  can  change  serum  lipid  levels  and  FFA  concen¬ 
trations.  However,  it  is  known  that  starvation  or  semi-starvation 
will  stimulate  increases  in  FFA. 

RECOMMENDATIONS: 

1.  Serum  lipid  profiles  should  be  determined  in  humans  exposed 
to  high  altitude  and  who  maintain  their  weight  closer  to  sea  level 
values. 

1 2 .  Serum  lipid  profiles  should  be  determined  in  humans  fed  various 
diets  and  exposed  to  altitude. 

3.  Free  fatty  acid  turnover  should  be  monitored  during  exposure  to 
high  altitude. 


STUDY  NO.  9 

PROBLEM: 


Effects  of  Altitude  on  the 
Myocardium  of  Animals 


Studies  in  this  laboratory  during  the  past  two  years  have  shown  that 
rats,  rabbits,  cats,  and  dogs  exhibit  varying  degrees  of  right  heart 
hyperti  >  v  after  prolonged  (3  months)  exposure  to  altitude  (14,  100  ft). 
Concorru;  int  with  hypertrophy,  ultrastructural  changes  were  observed 
in  mitochondria  of  the  ventricular  myocardium  from  dogs,  rabbits, 
cats,  and  rats.  These  ultrastructural  changes  consisted  of  markedly 
swollen  mitochondria  containing  irregularly  arranged  and  reduced 
numbers  of  cristae.  Dogs,  rabbits  and  rats  were  exposed  to  14,  100 
feet  for  three  months.  Isolated  mitochondria  from  myocardial  and 


striated  muscle  were  studied, 
ability  to  oxidize  palmitate-1- 


The  determinations  made  were: 

to  ^COj,  oxygen  uptake,  glycolysis 
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and  phosphate  potential. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

The  above  was  a  collaborative  study  among  the  personnel  of  Physiology, 
Chemistry  and  Pathology  Divisions,  USAMRNL,  and  USARIEM.  A 
detailed  report  of  tha  findings  is  contained  tinder  Work  Unit  085 
"Effects  of  Altitude  on  the  Myocardium  of  Animals.  " 

STUDY'  NO.  10  Relative  Effects  of  High  Altitude 

and  Concomitant  Anorexia  on 
Weight  Gain  and  Body  Composition 
of  the  Rat 

PROBLEM: 

~Many  investigators  have  observed  decreased  growth  rates  and  altered 
body  composition  in  animals  exposed  to  actual  or  simulated  altitudes 
greater  than  1 1,  000  feet.  The  exact  nature  and  causes  of  the  growth 
depression  remains  unclear.  Dehydration,  decreased  food  efficiency, 
depressed  nutrient  digestibility  and/or  absorption,  and  altitude-induced 
reduction  of  voluntary  food  intake  have  been  suggested  to  be  involved. 
Most  high  altitude  investigations  have  been  conducted  with  the  diet 
being  offered  ad  libitum  to  both  experimental  and  control  groups. 
Diminished  appetite  and  caloric  consumption  during  at  least  the  first 
week  of  exposure  are  frequent  observations  in  both  man  and  animals. 
Accordingly,  it  is  difficult  to  distinguish  the  metabolic  effects  of  high 
altitude  per  se  from  those  of  the  altitude-induced  dietary  deprivation. 

TSie  objective  of  this  study  will  be  id  determine,  utilizing  paired  feed¬ 
ing  techniques  and  a  normal  diet,  the  relative  significance  of  the 
hypoxia  per  se  and  the  concomitant  hypoxia- induced  anorexia  upon  the 
following  metabolic  variables  in  the  rs.t  following  2,  7  or  14  days' 
exposure  to  14,  100  feet: 

1.  Body  weight  change 

2.  Body  composition  changes  to  include  total  body 
water,  fat,  protein  and  mineral 

3.  Apparent  nitrogen  digestibility 

4.  Nitrogen  oalance  and  retention. 

5.  Efficiency  of  food  utilization 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 
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This  study  will  be  conducted  during  August  1969. 

STUDY  NO.  11  Effect  of  Altitude  on 

Metabolic  Fecal  Nitrogen 
and  Endogenous  Urinary 
Nitrogen 


PROBLEM: 

Exposure  of  animals  to  altitudes  above  12,  000  feet  results  in  depressed 
growth  cate,  growth  efficiency  and  body  fat  deposition.  Data  previously 
reported  from  this  laboratory  shewed  that  although  the  altitude  animals 
consumed  less  protein,  they  excreted  a  significantly  greater  amount 
ef  fecal  and  urinary  nitrogen  than  the  low  altitude  animals.  The  data 
indicated  an  impaired  digestion  and/or  intestinal  absorption  of  nutri¬ 
ents  in  rats-  exposed  to  high  altitude  or  possibly  increased  endogenous 
"urinary  nitrogen  (EUN)  and  metabolic  fecal  nitrogen  (MEN)  excretion. 
Accordingly,  the  EUN  and  MFN  excretion  patterns  and  body  composi¬ 
tional  changes  were  examined  in  rats  exposed  to  14,  100  ft. 

Forty-eight  male  Holtzman  rats  (300  g)  were  divided  itjio  three  equal 
groups;  Pikes  Peak  ad  lihitum  fed,  Denver  ad  libitum  fed  and  Denver 
pair- fed.  The  animals  were  fed  a  lab  chow  diet  for  one  week  prior  to 
the  experimental  period  and  housed  in  individual  metabolism  cages. 

The  high  altitude  animals  were  then  transported  to  Pikes  Peak 
(14,  100  ft.  )  and  all  animals  were  fed  a  "protein- free"  diet  for  14  davs. 
The  Denver  pair-fed  group  was  fed  amounts  based  upon  their  individual 
high  altitude  pair-mate's  voluntary  consumption.  Daily  changes  in 
body  weight  and  food  consumption  were  measured.  Individual  daily 
fecal  and  urine  collections  wen  made  during  the  preliminar y  and 
experimental  periods  for  total  nitrogen  determination.  All  animals 
•were  sacrificed  for  body  composition  analysis  at  the  conclusion  of 
the  study. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Body  weight  loss  increased  and  voluntary  food  intake  was  depressed 
at  altitude  compared  to  the  ad  libitum- fed  control  groups.  The  weight 
loss  of  the  pair- fed  control  group  was  not  different  from  that  of  the 
altitude  group,  suggesting  that  the  increased  weight  loss  at  altitude 
could  be  almost  solely  attributed  to  the  resulting  anorexia.  Increased 
rates  ox  EUN  and  MFN  excretion  were  not  observed  in  rats  exposed  to 
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high  altitude.  Under  the  conditions  of -this  study,  body  composition 
was  not  altered  by  high  altitude  exposure.  The  chemical  and  statis¬ 
tical  analyses  are  80%  completed  at  this  time. 

CONCLUSIONS: 


Preliminary  data  indicate  that  the  nitrogen  excretion  rate  coming  from 
endogenous  sources  is  not  increased  during  longer  term  altitude  expo¬ 
sure.  Paired  feeding  indicated  that  the  increased  weight  loss  at 
altitude  reflected  an  altitude-induced  anorexia  rather  than  hypoxic 
exposure  per  se. 

RECOMMENDATIONS: 

Continue  to  compile  and  evaluate  the  data  for  a  near  future  publication. 
The  following  studies  are  recommended  utilizing  a  normal  diet: 

1.  The  relative  effects  of  high  altitude  and  concomitant  anorexia 
on  weight  gain  and  body  composition  of  the  rat. 

2.  Effects  of  high  altitude  exposure  and  concomitant  anorexia 
upon  fat  deposition. 

Due  to  the  inability  to  hire  replacements  for  two  civilian  scientists  who 
transferred  from  the  Unit  and  could  not  be  replaced  due  to  a  hiring 
freeze,  to  a  lesser  extent  the  reductions  in  financial  support,  and  to 
effect  better  management  of  resources,  research  under  this  work  unit 
will  be  curtailed.  Future  applied  studies  in  cardiopulmonary  physiolog 
metabolism  and  performance  at  altitude  will  be  consolidated  under  this 
Work  Unit  082  which  will  be  entitled  Metabolic,  Physiological  and 
Psychological  Effects  of  Altitude. 

PUBLICATIONS: 

1.  Chinn,  K.  S.  K.  and  J.  P.  Hannon.  Efficiency  of  food  utilization  at 
high  altitude.  International  Symposium  on  Altitude  and  Cold.  Fed. 
Proc.  28:944-949,  1969. 

2.  Whitten,  B.  K.  ,  J.  P.  Hannon,  G.  J.  Klain  and  K.  S.  K.  Chinn. 

Effect  of  high  altitude  (14,  100  ft.)  on  nitrogenous  components  of 
human  serum.  Metabolism  17:360-365,  1968. 

3.  Whitten,  B.  K.  and  A.H.  Janoski.  Effects  of  high  altitude  and 
diet  on  lipid  components  of  human  serum.  Fed.  Proc.  28:983-986, 
1969. 


180 


Metabolic  Effects  of  Altitude  (Cont'd) 


4.  Klain,  G.  J.  and  J.  P.  Hannon.  Effects  of  High  Altitude  on  Lipid 
Components  of  Human  Serum.  Proc.  Soc,  Experimental  Biol.  Med. 
129:646-649.  1968. 
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2  3.  (U)  Tech  Objective:  Research  on  this  work  unit  will  be  directed  toward  a  descrip¬ 
tion  of  the  deterioration  of  different  types  of  human  capacities  to  perform  psychomotor, 
physical  and  mental  tasks  which  are  produced  by  a  rapid  transition  from  low  altitude! 
to  those  ranging  between  10,000  to  18,000  ft.  In  particular,  attention  will  be  directed 
to  various  typaa  of  cognitive  functioning  and  considerations  of  small  group  performance 
24.  (U)  Approach:  The  performance  capacities  of  subjects  on  tasks  of  memory,  concept 
formation  and  motivation  will  be  studied  utiliaihg  the  theoretic  paradigms  of  experi¬ 
mental  psychology.  An  attempt  will  be  made  not  only  to  determine  the  crude  estimates 
of  overall  decrement  In  these  areas,  but  rather  a  fine-grain  analysis  of  the  behaviors. 
In  Addition  to  a  study  of  the  cognitive  functions  of  the  single  individual,  preliminary 
work  will  be  instigated  on  the  performance  capacity,  solidarity  and  communication! 
effectiveness  of  small  groups.  Initial  studies  in  this  area  will  utilite  the  Baylis 
interaction  category  processes  as  s  Scoring  implement. 

23.  (U)  Progress  (Jul  68-Jun  69)  Three  Independent  subgroups  of  high  altitude  symp¬ 
toms  have  been  found  via  factor  analysis:  mood,  somatic  discomfort,  and  arousal. 
Purformance  decrement  on  a  variety  of  psychomofor  and  mental  tasks  has  been  found 
to  be  highly  related  to  degree  of  subjective  symptom  severity.  Preliminary  evidence 
indicates  that  there  is  a  high  relationship  between  specific  physiological  measures 
and  symptoms,  and  has  suggested  the  value  of  a  multivariate  approach  to  establish  the 
identity  of  key  physiological  factors  in  the  etiology  of  mountain  sickness.  Further 

research  along  these  lines  is  planned.  Further  studies  wilt  be  continued  under  work 
unit  082  Metabolic  Effects  of  Altitude,  /ugency  Accession  DA  OA  6339. 
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ABSTRACT 


PROJECT  NOi  3A06ll02R?lR  Research  In  Biomedical  Science 

TASK  NO*  05  Environmental  Medicine 

WORK  UNIT  NO i  083  Physiological  and  Psy eh, domical 

Aspects  of  Performance  at 
Altitude 

Detailed  analyses  were  carried  out  on  the  symptomatology  of  Acute- 
Mountain  Sickness  (AMs)  and  mental  performance  of  23  male  subjects 
(18-23  years  old)  rapidly  transferred  from  a  sea  level  site  to  an 
altitude  of  14*  1 10  feeti  With  one  exception  (LIVELY)*  all  symptoms 
measured  by  the  General  High  Altitude  Questionnaire  (GHAq)  changed 
significantly  during  exposure  to  high  altitude  with  HEADACHE  allowing 
the  largest  change*  Key  cluster  analyses  were  performed  on  the  low 
and  high  altitude  GHAQ  data  to  Identify  sets  of  symptoms  which  changed 
together*  Three  clusters  with  low  interrelationships  were  identified 
and  given  superordinate  class  names  reflecting  the  essential  features 
of  cluster  symptoms!  1)  Arousal  Level  (ACTIVE*  COMEORTABLE* 
ENERGETIC*  REEREsHED*  and  VIGOROUS)*  2)  Somatic  Discomfort 
(NAUSEA*  SHORT  OE  BREATH*  DIZZY*  and  HEART  POUNDING)* 
and  3)  Mood  (HAPPY*  SATISFIED*  PLEASED)*  Both  Arousal  Level 
and  Somatic  Discomfort  were  found  as  a  high  altitude  cluster*  while 
Mood  was  a  low  altitude  cluster* 

Mental  performance  generally  decremented  at  high  altitude  for  those 
subjects  reporting  the  most  severe  symptoms  on  the  GHAq*  Through 
multiple  regression  analyses*  the  performance  decrement  on  the 
mental  tasks  was  found  to  be  highly  related  to  the  severity  of  individual 
symptoms  of  AMs*  The  performance  decrement  in  tasks  requiring 
motor  activity  (e*gt*  writing*  reaction  time)  was  related  to  the  symp¬ 
toms  of  the  Somatic  Discomfort  cluster*  while  the  performance 
decrement  on  short  term  memory  tasks  was  found  to  be  more  highly 
related  to  symptoms  of  the  Arousal  Level  cluster*  If  this  result  is 
found  to  be  reliable  in  future  studies*  it  would  suggest  that  any  method 
or  agent  designed  to  reduce  mountain  sickness  would  be  effective  (from 
the  viewpoint  of  mental  performance)*  only  if  it  both  reduced  the  Som¬ 
atic  Discomfort  (e*g*»  NAUSEA*  HEADACHE  and  DIZZINESS)  and 
increased  the  Arousal  Level  (e* g*  *  ENERGY*  VIGOR*  etc*)  or  sub¬ 
jects  while  at  high  altitude* 


ROPY  or  REPORT 


WORK  UNIT  NO*  0H3  Physiological  and  Psychological  Aspects 

of  Performance  at  Altitude 

STUDY  NO i  I  Effects  of  Codeine*  Methysergide  a nd 

Phtmformin  oh  Symptomatology  ami 
Performance  at  Altitude 


PROD  LEM: 

The  success  of  efforts  to  reduce  the  symptoms  of  Acute  Mountain 
Sickness  (AMs)  depends  partly  oh  the  development  of  reliable  ami 
valid  means  to  measure  the  subjective  a  y  mpto  ma  to  logy  of  AMs*  The 
General  High  Altitude  Questionnaire  (GHAQ:  Evans*  1966)*  a  22-symptom 
Likert  scale*  satis ties  this  requirement*  Evahs  (1966)  reported  a  high 
split-half  reliability  (r  =  *92)  for  the  over-all  scale*  The  purpose  of 
this  study  was  to  obtain  additional  information  concerning  both  the  val- 
idity  of  the  GHAQ  and  to  identify  symptom  clusters  within  the  GMAq 
leading  to  the  development  of  GHAQ  symptom  sub-scales* 

noth  construct  and  predictive  validity  of  the  GHAQ  were  measured  in 
this  study*  *  To  establish  the  construct  validity*  two  other  methods  of 
assigning  severity  rating  to  AMs  were  used  in  addition  to  the  GHAQ* 
namely*  a  paired  comparisons  technique  and  physician  judgment* 

Information  concerning  sub- scales  of  the  GHAQ  was  obtained  by  per¬ 
forming  key-cluster  analyses  (Tryon  &  Halley*  1966)  on  the  low  and 
high  attitude  GHAQ  protocols*  The  key  clusters  of  symptoms  from 
these  analyses  are  being  used  to  form  the  bases  of  Independent  sub- 
scales  of  the  GHAQ* 

This  analysis  was  accomplished  on  data  from  a  196?  study  reported  in 
a  previous  Annual  Research  Progress  Report*  In  all*  25  male  subjects 
(18-23  years  old)  participated  in  this  study*  All  subjects  were  given  the 
GHAQ  measures  twice  daily  for  nine  days  at  a  low  altitude  site  (port 
Lewis*  Washington:  sea  level)  and  live  days  at  high  altitude  (Pikes  Peak* 
Colorado:  14*  110  feet)*  Performance  measures  were  given  dally  at  low 


Construct  validity  refers  to  the  extent  to  which  other  methods  of 
measuring  the  same  construct  (in  this  case*  AMS)  are  in  agreement 
with  the  measure  of  interest  (GHAQ)*  Predictive  validity  of  the  GHAQ 
was  established  by  regressing  GHAQ  symptoms  scores  to  the  mental 
performance  measures  (e*g»*  Reaction  Time*  Short-Term  Memory* 
and  Digit  symbol  Substitution  Test)* 
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and  high  altitude*  Transfer  from  low  to  high  altitude  sites  was 
accomplished  for  all  subjects  within  a. ten-hour  period* 

RESULTS! 

All  GHAq  symptoms!  except  LIVELY  showed  a  statistically  significant 
change  from  low  to  high  altitude  (alt  sign  test  p’s  <*05)*  HEADACHE 
showed  the  largest  change*  Increasing  from  a  mean  of  l*  U  to  a  mean 
of  3*26  (on  a  5-point  scale)*  At  high  attitude*  physician  judgment  of 
AMs  severity  and  a  paired-comparison  technique  to  measure  severity 
of  AMs  correlated  with  the  GHAQ  total  scores  *  5"?  and  *  51  respectively  * 
Both  of  these  correlations  reflect  the  construct  validity  of  the  GHAq. 

In  regard  to  predictive  validity  of  the  GHAQ*  subjects  Were  divider! 

Into  three  groups  according  to  the  severity  of  the  AMs  symptoms  as 
measured  by  the  GRAQt  minimally*  moderately*  and  severely  affected* 
Those  subjects  experiencing  severe  AMS  (as  measured  by  the  GHAq) 
showed  sharp  decrements  on  all  performance  tasks*  while  those  sub¬ 
jects  In  the  less  affected  groups  showed  small  performance  decrements* 
or  none  at  alt*  This  result  suggests  that  high  altitude  per  se  does  not 
affect  mental  performance!  it  does  suggest  that  mental  performance  is 
directly  affected  by  severity  of  AMS*  This  finding  also  helps  to  estab¬ 
lish  the  predictive  validity  of  the  GHAQ*  Additionally*  multiple  linear 
regressions  were  calculated  for  all  performance  tasks  to  determine 
the  ability  of  Individual  GHAQ  symptoms  to  predict  specific  perform¬ 
ances*  The  multiple  R.’s  used  l  to  3  GHAQ  symptoms  In  the  regression 
equation*  and  ranged  from  *49  to  *80  for  10  mental  performance  meas¬ 
ures  with  the  median  R  being  *67*  Such  consistently  high  relationship* 
between  specific  symptoms  and  the  mental  performance  tasks  indicate 
high  predictive  validity  for  specific  symptoms  for  mental  functioning. 
Einally*  in  regard  to  predictive  validity*  the  GHAQ  total  scores  (aer*  ** 
all  symptom  scales)  correlated  highly  with  the  mental  performance. 

In  order  to  obtain  Information  about  sets  of  GHAQ  symptoms  that  group 
together*  key  cluster  analyses  were  calculated  on  the  GHAQ  protocols 
for  low  and  high  altitude*  At  high  altitude*  which  Is  of  the  most  interest* 
two  major  clusters  of  symptoms  were  identified  and  given  superordinnic 
names  descriptive  of  their  member  cluster  symptoms*  l*e.  *  Arousal 
Level  and  Somatic  Discomfort*  A  low  attitude  cluster  of  GHAQ  symptom 
Mood*  was  also  Identified  (See  Table  l)* 
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Table  1  - 

K>'\  Cluster  Analyses:  Primary  Sub-Seales  of  tlu«  GHAq 
Primary  Sub- Scale  Name  GHAQ  Component  Symptoms 

I*  A  ronsa  1  Level  Active 

Satis  tied 

Coiwfoftablo 

Energetic 

Refreshed 

Vigorous 

■1*  Somalle  Risi  voofort  Nausea 

Short  of  Breath 
Dlr.r.y 

Heart  Pounding 
Heartache 

3*  Moot!  Happy 

Satisfied 

Pleased 

The  primary  sub-scales  (key  clusters)  may  be  used  as  the  basis 
for  refining  the  GHAQ  to  develop  stable  and  valid  sub- scales  in  future 
work*  Such  a  development  should  produce  a  marked  increase  in  the 
utility  of  the  GHAQ  to  identify  the  primary  components  of  the  AMS 
syndrome  requiring  treatment  in  order  to  satisfactorily  reduce 
potential  performance  decrements  in  mental  functioning  at  altitude* 

CONCLUSIONS: 

1*  The  GHAQ  shows  good  reliability  and  validity  as  a  means  to 
measure  Acute  Mountain  Sickness* 

<L  The  GHAQ  measures  three  separate  components  of  subjective 
symptomatology:  Arousal  Level*  Somatic  Discomfort*  and  Mood* 

RECOMMENDATIONS: 

1*  Expansion  of  the  three  primary  GHAQ  sub-scales  in  future  studies 
using  the  basic  format  of  the  present  study* 

£*  Continuation  of  a  research  effort  directed  at  relating  basic  physio¬ 
logical  changes  to  the  development  of  symptomatology  as  measured  bv 
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the  GHAQ. 

3,  Duo  tv>  the  need  to  effect  better  management  of  personnel  .,n<! 
financial  resources*  research  under  this  work  unit  will  he  <li: - 
continued,  Future  efforts  of  this  work  unit  'vitl  he  transferred  in 
FV  TO  tv'  Work  Unit  082,  Metabolic,  Physiological  and  Psvoholeuic.-.  i 
Effects  of  Attitude* 

PUtVUCA  TIONS: 

l*  Carson,  R*  P* ,  W*0*  Evans*  J*  L*  Shields  and  J,  P*  Hannon. 
Studies  on  the  Symptomatology,  Pathophysiology  and  Treatment  ,  ; 
Acute  Mountain  Sickness*  Proceedings  of  the  International  Sympo.*  ;u:r. 
on  Altitude  and  Cold,  Fed*  Pr oc.  28:108®*- l O'? I v  1  <V n , 

2.  Carson,  R*  P*  Military- Medical  Aspects  of  High  Altitude, 
AGARP/NATO  Symposium:  Aeromedical  Aspects  of  Troop  Transport 
and  Combat  Readiness.  AGARD  Conference  Pvv'c.  Xo,  40,  Oct.  I ‘VS. 

3.  Evans*  \V»0*>  R.  P>  Carson  and  J.  L.  Shields.  The  Effect  of 
High  Terrestrial  Environment  on  Two  Different  Typos  of  Intellectual 
Flmclioning.  Biomedical  Problems  of  High  Terrestrial  Elevations. 

A.  H.  Hognanor  (Ed*)*  USARIEM*  Natick,  Mass**  pp*  2<'l-2^4*  l'V'\ 

4*  Shiolds*  J*L»*  J*  P*  Hannon  and  R*  P*  Carson*  Pathophysiology 
of  Acute  Mountain  Sickness*  Biomedical  Problems  of  High  Terrestrial 
Elevations*  A*H*  Hegnauer  (Ed*)*  USARIEM*  Natick,  Mass,,  pp.  24- 
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i!  ««v»o"«  iws*  mach  -i*  cnanaiiM  Altitude:  (U)  Animal  Kingdom; 

(U)  Rat;  (U)  Rabbit:  (U)  Cat:  (U)  Cardiovascular  System;  (U)  Biological  Sciences _ _ 

23  TF  CMRIC  AL  C*B4fCTIVfr*  2*.  APPROACH,  2S  PHOORESS  (Futnleh  Indl^l *>«/  p+ragtspht  HettlllU'f  try  nirmbet  Pre cad*  Nil  el  emth  «-l#i  S*  curtly  CfA*s|rtrai/on  C 

23.  (U)  Tech  Objective:  1)  To  elucidate  myocardial  changes  and  their  causes  in  animals 
exposed  to  high  altitude,  2)  To  describe  the  histological  and  chemical  nature  of  these 
changes  and  3)  to  determine  whether  these  changes  can  be  considered  pathological  or 
desirable  adaptive  processes, 

24.  (U)  Approach.  Animals  are  housed  in  heated  quarters  at  14,110  ft.  and  at  sea  level 
or  intermediate  altitudes,  to  l)  test  the  prevalent  notion  that  cats  do  not  acclimate  to 
change  in  altitude,  2)  compare  the  physiologic  and  pathobgic  response  of  altitude-ex¬ 
posed  cats  with  our  observations  in  other  species,  3)  investigate  the  changes  in  cardia< 
and  skeletal  muscle  after  altitude  exposure  with  biochemical  measurements  and  light 
and  electron  microscopy  4)  quantitate  in  monkeys  cerebral  blood  flow,  CSF  pressure, 
brain  water  and  constituents  of  blood  and  CSF  during  1-5  days  exposure  to  14,110  ft. 

25.  (U)  Progress  (Jul  68  Jun  69):  Study  2  (cats)  is  complete.  Cats  native  to  5,  380  ft. 
can  successfully  adapt  to  14,110  ft.  for  3  months.  Their  hematologic  and  cardiovascula 
response  is  similar  to  that  of  ratB  and  rabbits  and  not  greatly  different  from  that  of 
dogs.  Study  3,  involving  mitochondria  from  myocardium  and  skeletal  nuscle  revealed 
Changes  in  both  ultrastructure  and  metabolism;  species  differences  existed  as  well. 
Descriptions  of  the  ultrastructural  changes  have  been  published,  Metabolically  fatty 
acid  oxidation  increased  2-3  fold  in  dog  hearts,  in  the  rat  02  uptake  decreased. 

Further  of  these  changes  is  planned  (Study  5). 

Study  4,  involving  blood  flow  and  intracranial  pressure  in  mondeys,  is  in  progress 

Xnmai?  IfepoH?*  n°W  **  5’  38°  ft'  *  3°  at  ®ea  leveU  PuV^ations  are  listed  in  the 
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ABSTRACT 


PROJECT  NO.  3A06I102B71R  Research  in  Biomedical 

Sciences 

TASK  NO.  05  Environmental 

WORK  UNIT  NO.  085  Effects  of  Altitude  on 

Myocardium  of  Animals 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  2  The  Effects  of  Altitude, 

Exposure  Time  and  Species 
on  the  Development  of 
Hypoxic  Cardiac  Hyper¬ 
trophy  and  Related  Factors; 

Domestic  Shorthair  Cats 

STUDY  NO.  3  Effects  of  Prolonged  Altitude 
Exposure  on  the  Morphology 
and  Biochemistry  of  Cardiac 
and  Skeletal  Muscle  in 
Animals 

STUDY  NO.  4  Effects  of  Altitude  on  the 
Cebus  Monkey  (Cebus 
apella)  with  Emphasis  on 
Cerebrospinal  Fluid 
Pressure  and  Brain  Water 
Content 

STUDY  NO.  5  Effects  of  Prolonged 
Altitude  Exposure  on 
Lipid  Metabolism  in 
Mammalian  Cardiac 
and  Skeletal  Muscle 

The  general  objectives  of  Studies  2,  3  and  5  are  to  characterize  the  effects  of 
altitude  on  myocardium  of  animals  and  to  correlate  these  where  possible  with 
physiological  and  subcellular  functional  changes.  The  cause  of  observed  changes 
will  be  sought,  and  an  attempt  will  be  made  to  determine  whether  such  changes 
are  desirable  adaptive  phenomena  or  deleterious  processes.  In  FY  68,  rots,  dogs, 
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and  rabbits  were  compared  to  determine  comparative  effects  of  altitude  and  the 
influence  of  differing  relative  heart  size  on  adaptation.  In  Study  2  the  cat  was 
surveyed  for  similar  effects.  This  species  was  chosen  because  only  inconsistent 
data  were  available  relative  to  its  performance  at  altitude,  and  to  further  broaden 
the  basis  from  which  to  extrapolate  to  man.  in  Study  3  an  observed  morphologic 
change  in  heart  mitochondria  of  three  species  was  examined  more  closely  to  deter¬ 
mine  the  type  and  degree  of  subcellular  enzyme  changes  which  were  associated 
with  it. 

Groups  of  animals  were  exposed  to  14,110  ft.  (Pike's  Peak),  5,380  ft.  (USAMRNL) 
and  sea  level  (USARIEM).  Study  2  compared  animals  maintained  at  5,380  ft.  with 
those  maintained  at  14,  1 10  ft.  Study  3  compared  the  effects  of  altitude  on  animals 
maintained  at  sec  level  vs.  14,110  fl.  In  Study  2  hemQtologic  parameters  were 
recorded  throughout  the  3-month  exposure  period.  Blood  pressure  and  right 
ventricle  blood  oxygen  saturation  were  determined  before  and  after  exposure  to 
altitude.  At  necropsy  hearts  were  weighed  and  total  weights  and  component 
weights  were  recorded.  Specimens  of  all  organ  systems  were  prepared  for  light 
microscopy  and  hearts,  lungs,  and  kidneys  were  sampled  for  electron  microscopic 
examination. 

Procedures  for  Study  3  were  similar;  additionally,  specimens  of  myocardium, 
diaphragm  and  skeletal  muscle  were  analyzed  for  enzyme  activity  at  altitude,  to 
evaluate  the  functional  integrity  of  mitochondria.  Biochemical  determinations 
included  anaerobic  metabolism  of  glucose  ^C-6-phosphate  by  muscle  homo¬ 
genates,  measurement  of  ATP,  ADP  and  inorganic  phosphate  in  extracts  of 
muscle,  oxidation  of  glutamate,  succinate,  and  palmitate  1 -^C  by  isolated 
mitochondria. 

Study  2:  Twenty  adult  domestic  shorthair  cats  native  to  5,380  ft.  were  trans¬ 
ported  to  14,1 10  ft.  and  held  for  90  days  in  a  heated  laboratory  trailer.  Twelve 
control  cats  were  maintained  at  5,380  ft.  After  an  initial  week  of  anorexia  and 
depressed  activity,  the  animals  remained  healthy  for  the  duration  of  the  study. 
Compared  to  mean  values  for  the  controls  and  their  own  values  at  5,380  ft. ,  the 
animals  at  altitude  for  90  days  had  increases  of  29%  in  packed  cell  volume, 

10%  :n  hemoglobin,  and  128%  in  right  ventricular  pressure.  Total  ventricular 
weight  increased  by  approximately  10%,  right  ventricular  weight  by  28%  and 
right  ventricular  wt/total  ventricular  wt  ratio  by  81  %.  Structurally  abnormal 
mitochondria  were  present  in  hypertrophic  myocardium.  Oxygen  saturation  of 
right  ventricular  blood  decreased  by  almost  23%.  The  females  were  considered 
to  demonstrate  greater  adaptive  responses  than  the  males  in  all  parameters 
measured.  The  cats  were  not  unique  in  their  response  to  altitude  but  were 
generally  similar  to  rabbits  and  rats  and  not  greatly  different  from  dogs 
studied  similarly. 
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Study  3:  Rats,  rabbits,  and  dogs  ivere  housed  at  M,  110  ft.  for  3  months,  with 
control  animals  at  sea  level.  Abnormal  mitochondria  occur  ir  the  hypertrophied 
myocardium;  they  are  irregular,  swollen  and  vesicular  with  shortened,  disonangtd 
cristae  in  reduced  numbers.  Myocardial  mitochondria  from  dogs  so  exposed  had 
increased  obility  ta  oxidize  palmitate  to  CO2;  in  those  from  exposed  rats,  oxygen 
uptake  was  reduced;  those  from  rabbits,  unlike  dogs,  had  decreased  obility  to 
oxidize  palmitate  to  CO2.  In  skeletal  muscle,  the  only  altitude-reloted  changes 
seemed  to  be  increased  phosphate  potential  in  mitochondria  from  rabbit  semitendinosis 
and  increased  axidatian  of  palmitate  in  those  from  rat  rectus  femoris.  This  study  was 
o  collaborative  effort  among  investigators  af  Pathology,  Chemistry  and  Physiology 
Divisions,  USAMRNL;  USARIEM,  Natick,  Massachusetts;  and  Department  of 
Biochemistry,  Kansas  State  University. 

Study  4:  Using  Cebus  apella  monkeys  and  the  hypothesis  that  increased  introcranial 
pressure  underlies  many  of  the  symptoms  of  "acute  altitude  sickness,  "  this  current 
study  is  an  attempt  to  quantitate  some  of  the  mechonisms.  Thirty  monkeys  are  held 
at  sea  level  (WRAIR)  with  10  as  control  and  20  to  be  shipped  ta  Pike's  Peak  (14, 1  iO  ft.) 
for  1-5  days'  exposure.  Holf  will  be  given  a  diuretic.  Measurements  will  include 
systemic  and  right  ventricular  blood  pressure,  carotid  flow,  O2  and  CO2  tension 
and  pH  af  blood  and  cerebrospinal  fluid  (CSF),  CSF  pressure,  brain  weight  ond 
water  content,  electron  microscopy  af  brain.  Ten  additional  monkeys  are  at  MRNL 
and  standardization  of  techniques  is  in  progress. 

Study  5;  Rats,  rabbits  and  guinea  pigs  will  be  used  to  confirm  the  observations  of 
Study  3  with  refinement  of  techniques.  Three  exposure  periods:  2,  6  and  12  weeks 
will  be  used.  Animals  are  on  location. 
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Myocardium  of  Animals 

Effects  of  Altitude,  Exposure 
Time  and  Species  on  the 
Development  of  Hypoxic 
Cardiac  Hypertrophy  and 
Related  Factors;  Domestic 
Shorfhair  Cats 


PROBLEM: 


1.  Right  heart  enlargement  resulting  from  exposure  to  reduced  atmospheric 
pressure  has  been  demonstrated  in  man  and  several  other  species.  The  most 
popular  theory  to  account  for  its  occurrence  is  that  it  is  a  compensation  tor  the 
increase  in  pulmonary  vascular  resistance  usually  observed  at  high  altitude. 

Pulmonary  arterioles  undergo  vasoconstriction  due  to  change  in  vasomotor  tone 
and/or  anatomical  changes  in  the  vessel  wall.  The  right  ventricle  must  pump 
against  greater  resistance  which  resuits  in  an  increase  in  force  per  unit  cross- 
sectional  area  of  the  muscle.  To  return  the  force  per  unit  area  to  normal  by 
increasing  the  total  muscle  area,  myocardial  hypertrophy  occurs. 

2.  Previous  work  at  this  laboratory  during  the  summer  of  1966  and  196/ 
showed  some  species  variation  in  response  to  prolonged  exposure  to  high 
terrestrial  elevations,  i.e.  although  rats,  rabbits  and  dogs  all  showed  similar 
magnitudes  of  increase  in  both  erythrogenesis  and  pulmonary  arterial  pressures, 
cardiac  hypertrophy  proved  to  be  considerably  less  in  the  dog  than  in  other  species. 
Completion  of  Study  No.  2  during  the  summer  of  1968  showed  that  cats  reacted 
with  myocardial  hypettiOphy  Similar  to  ruis  and  rabbits.  However,  in  those  species 
which  readily  develop  cardiac  enlargement,  the  nature  of  this  change  is  incompletely 
understood.  It  has  been  suggested  that  the  hypertrophy  is  related  to  actual  fiber 
thickening  but  adequate  data  are  lacking.  Similarly,  information  of  water  and 
protein  changes  is  inconclusive. 

3.  It  appears  worthwhile  to  continue  this  area  of  research  to  more  fully  explore 
the  nature  of  these  changes  and  determine  more  accurately  to  what  extent  they  may 
be  extrapolated  to  man. 
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4.  While  previous  studies  have  been  useful  in  describing  changes  occurring  in 
several  animal  species  subject  to  prolonged  exposure  to  14, 110  ft.,  the  problem 
of  "acute  mountain  sickness, "  a  transient  varyingly-debilifafing  condition,  is  of 
considerable  importance  to  military  planners.  It  occurs  during  the  first  days 
(1-i)  of  exposure.  Study  No.  4,  using  Cebus  monkeys,  is  designed  to  examine 
som.  physiologic  mechanisms  v/hieh  may  contribute  to  production  of  signs  or 
sympioms  of  "acute  mountain  sickness.  "  Rational  prophyllactic  or  therapeutic 
measures  can  be  based  only  on  elucidation  of  such  mechanisms  (blood  gas  tension, 
blood  pH  and  pressure,  cerebral  blood  flow,  cerebrospinal  fluid  pressure  and 
gas  tension,  brain  water  content). 

RESULTS  AND  DISCUSSION  OF  RESULTS:  (Study  2) 

Twenty  adult  domestic  shorthair  cats,  native  to  5,280  feet  were  transported  to 
a  heated  field  laboratory  at  14, 110  ft.  on  Pike's  Peak  summit,  after  a  suitable 
period  of  laboratory  conditioning  (at  5,380  ft,).  Twelve  control  animals  were 
maintained  at  5,380  ft.  at  the  Denver  facility. 

Initially,  all  cats  taken  to  altitude  displayed  signs  of  acute  mountain  sickness, 
i.e.  lassitude  and  anorexia.  An  average  1 1%  loss  in  body  weight  was  noted  at 
the  end  of  the  first  week.  However,  within  a  month  all  animals  appeared  normal 
clinically  and  had  regained  their  initial  weight.  The  animals  were  housed  at 
14, 1 10  ft.  for  3  months. 

One  male  cat  died,  with  pneumonia  and  pulmonary  edema,  after  3  weeks. 

Periodic  blood  samples  revealed  significant  increases  (P<.05)  in  packed  red 
cell  volume  (PCV,  %)  and  hemoglobin  concentration  (gm/100  ml)  after  3  months 
exposure  to  14, 1 10  ft. ; 

Exposure  to 


14,110  ft. 

PCV 

Hemoglobin 

Day  0 

37+5 

14.  3+2.  1 

Day  89 

47+6 

15.8+1.8 

Erythrocyte  counts  (RBC)  also  increased  over  the  exposure  period,  proportional 
to  PCV  and  hemoglobin,  but  erroneously  low  RBC  counts  on  Day  0  preclude 
comparison  of  Day  0  and  Day  89.  Similarly,  Day  0  RBC  indices  have  abnormal 
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values.  A  more  experienced  technician  performed  hemotologic  procedures 
during  the  lofter  portion  of  the  experiment;  erythrocyte  count  ond  red  cell 
indices  were  toword  the  upper  limit  of  normal  by  the  end  of  the  study: 


Normal  range  (literature) 

Day  89 

PCV 

24-45% 

47% 

RBC 

5.0-10.0  x  106 

8.5  x  106 

Hgb 

8-15  gm 

15.3  gm 

MCV 

40-55  p3 

55.3  p3 

MCHC 

31-35% 

32. 4% 

MCH 

13-17  ppg 

18  ppg. 

Peak  right  ventricular  pressure  (RV  pressure,  mmHg)  more  than  doubled, 
comparing  12  of  the  altitude-exposed  animals  on  which  this  pressure  was 
determined  with  8  from  the  5,380  ft.  group,  while  oxygen  saturation  of  right 
ventricular  blood  ($C>2v)  decreased  significantly  (1 1  and  7  cats,  respectively): 


Altitude  RV  pressure  oO^v 


5,380  ft. 

32+3 

64+  4 

14,110  ft. 

(90  days) 

73+9 

49+9 

Right  ventricular  hypertrophy  was  evident  in  ratios  (%)  of  right  ventricle/ 
total  ventricular  mass  (RV/T)  and  similar  ratios  of  left  ventricle  and  inter¬ 
ventricular  septum/total  ventricle  mass  (LV/T,  S/7).  The  former  was  significantly 
increased,  (P<.05)  the  latter  two  decreased  (due  to  increase  in  total  ventricular 
mass).  Ratios  of  total  ventricular  mass  and  ventricular  segments  to  body  weight 
(BW)  revealed  significant  (P<.05)  increase  in  RV/6W  and  T/BW  only  (gm/kg): 
Mean  +  1  s.d. : 


Attitude 

W7 T 

CV7T 

~vr- 

T/BW 

RV/6W 

LV/BW 

S/BW 

5, 380  ft. 

23.59 

42.02 

34.41 

2.306 

0.  545 

0.970 

0. 791 

(n  =12) 

2.42 

1.91 

1.94 

.213 

.084 

.114 

.056 

14, 110  ft. 

28.64 

39.25 

32.  10 

2.504 

0.  719 

0.982 

0.804 

(n*20) 

2.33 

2.29 

1.64 

.262 

.  106 

.  106 

.092 

Histological  examination  of  heart,  lung,  kidney,  intestine,  spleen,  live;,  and 
adrenals  revealed  no  altitude-related  lesions.  However,  electron  mic-cscc-pic 
studies  did  reveal  ultrastructural  changes  in  the  myocardium,  consisting  of 
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Swollen,  disarranged  mitochondria  with  irregular  Internal  structure.  In  addition, 
swelling  of  myocardial  capillary  endothelial  cell*  was  observed. 

CONCLUSIONS; 

Contrary  fo  previous  reports,  this  *fudy  indicates  that  domestic  cats  can, 
under  favorable  conditions,  adopt  to  high  terrestrial  elevations  ofthough  some 
clinical  signs  and  I  death  were  associated  with  the  exposure,  the  difference 
between  this  and  other  studies  was  that  our  cats  were  maintained  under  controlled 
ambient  temperatures  during  their  stay  at  14, 110  ft.  Cold  as  an  additional  stress 
may  well  be  the  factor  which  affected  Survival  of  cats  in  other  studies. 

The  physiological  changes  observed  in  this  group  of  cats  were  quite  similar  to 
those  in  rats  and  rabbits  and  not  greatly  different  from  these  in  dbg s  previously 
studied  under  similar  conditions,  ft  was  of  interest  to  note  that  in  every  parameter 
measured,  the  female  cal s  appeared  to  adapt  more  successfully  than  the  moles. 

RECOMMENDATIONS; 

1.  Additional  long-term  exposure  data  from  subhuman  primates  would  be  useful 
fo  broaden  our  knowledge  from  which  to  extrapolate  to  man. 

2.  The  effect  of  exercise  an  these  changes  should  be  evaluated. 

3.  An  understanding  of  the  pathogenesis  of  transient  illness  upon  initial  exposure 
to  high  elevations  is  needed.  Study  4  is  designed  to  explore  some  aspects  of  this 
area. 

4.  The  functional  significance  of  mitochondrial  changes  in  hypertrophic 
myocardium  of  our  animals  requires  clarification;  S tody  5  is  designed  fo  explore 
some  aspects  of  this  area. 

STUDY  NO.  3  Morphology  and  Biochemistry 

of  Cardiac  and  Skeletal  Muscle 
in  Animals 

STUDY  NO.  5  Effect*  of  Prolonged  Altitude 

Exposure  on  Lipid  Metabolism 
in  Mammalian  Cardiac  and 
Skeletal  Muscle 


E**e«.H  of  A-’tttde  or-  Myoco*d  ,jtr,  q*  Animals  (Con*  6) 

PROBLEM; 


Doe*  the  morphologic  olrerofion  in  mitochond^io  of  nypefropnic  myocordum 
(proceed  by  altitude  exposure)  hove  funcriona!  signif;conce  ?  |r"/es*igofo*-s  fro— 
Porholog/,  Physiology  ond  Chemistry  Divisions,  USAMRNL,  undertook  to  explore 
the  puesNon  colloborof  i  vely  under  Study  3,  Before  the  work  wos  completed, 
invesfigorois  from  the  loffer  fwo  divisions  hod  relocofed  to  USARIEM,  Norick, 
Mosscrchuseffs  ond  Division  of  Biochemisfry,  respectively,  finol  phase  of  the 
biochemicol  determinations  was  performed  or  rhe  lotrer  locotions. 

RESULTS  AND  DISCUSSION  Of  RESULTS: 

Study  3  wos  o  "feosibilify"  opprooch  to  the  obove  Question,  comporing  muscle 
metobolisrn  in  heart  and  shelefol  muscle  from  dogs,  rots,  and  robbits  housed  or 
14,110  ft.  for  3  months,  with  similar  materia!  from  sea  level  controls. 

The  ability  of  isolated  heart  muscle  mitochondria  to  oxidize  palmirofe-l-l4<2 
to  ^C02  was  influenced  by  both  the  animal  species  and  by  the  prolonged 
exposure  to  altitude.  Mitochondria  isolated  from  both  right  and  left  ventricles 
of  dogs  exposed  to  altitude  had  on  increased  (P<.01)  ability  ro  oxidize 
palm  itafe-J-^C  to  ^CC>2  compared  to  sea  level  controls  (Table  1).  Although 
oxygen  uptake  data  were  nof  collected  from  mitochondria  isolated  from  the 
right  and  left  ventricles  of  dogs,  exposure  to  altitude  had  little  effect  on  the 
phosphate  potential  and  glycolysis  data  obtained  from  the  right  ventricles  of 
dogs.  Similar  information  from  rat  heart  preparations  indicated  that  altitude 
exposure  had  little  effect  on  palmitate -T -^C  oxidation  rotes,  glycolysis  data 
and  phosphate  potentials  but  significantly  (P<.05)  decreased  oxygen  uptake  values. 
Preparations  from  rabbit  myocardium,  however,  indicated  a  decreased  (P<.05) 
ability  of  isolated  mitochondria  from  "altitude  exposed"  rabbits  to  oxidize 
palmitate  1-^C  compared  to  sea  level  controls.  Oxygen  uptake  values, 
glycolysis  data  and  phosphate  potentials  were  similar  for  preparations  from 
myocardium  of  rabbits  exposed  to  altitude  compared  to  sea  level  control 
animals. 


TABLE  f 

Effects  of  Altitude  Exposure  on  Several  Biochemical  Parameters 
of  Heart  Muscle  Metabolism  ^ 


Species  and 
treatment 

Rabbit 
Sea  level 
Altitude 


Patty  a cij 
oxidation 


Biochemicol  Parameters 
Oxygen 

uptake^ _ Glycolysis 


Phosphate 

potential-* 


6518+1382  57.5+24.6  .38+.  12  .27+. 11 

2862+535*  80.8+17.1  .43+, j 2  .22+. 18 
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8  oc-em ,co-  Po-a-e**-: 

Species  and 
treatment 

fatty  actd 
Oxiduf  roo 

Oxygen 

uptake1* 

Gi/co*  f<\ 

O'* 

Rat 

Seo  level 

Altitude 

15,064+  5000 
18,57*+ 5800 

53.5+20.5 

24.4*6.3* 

.61* .31 
.40+.  14 

.06* .02 
.o^*.o? 

tXog  (right  ventricle) 
Sea  level 

Altitude 

1452*731 

5061+1376** 

.  70* . 4 ’ 

,36+.  22 

. 38* . 3< 

.  43* . 50 

Dog  (left  ventricle) 

Sea  level 

Altitude 

2190+872 
6114+  892** 

.62*. 25 
.41+. 14 

.22*.  17 
.43*.  46 

®Ar»mol*  exposed  fo  altitude  (14,  HO  ft.)  for  3  months.  Data  ore  expressed  as  mean 
■*_  standard  deviation,  Values  followed  by  a  single  osterisk  are  significantly  {?'  .05'* 
different  and  values  followed  by  o  double  asterisk  ore  highly  significantly  (P^Ol)** 
different. 


2<fpm^CC>2/mg  mitochondrial  protein  '  30  n>in  produced  from  palmi'afe-l -^C- 
■^>/f  P2  consume  d/mg  mitochondrial  protein  '  hour;  pyruvate  substrate, 

4jm>ole s  lactate  produced/mg  homogenate  N-30  min;  glucose -6 -phosphor e  as  substrate. 
^Total  muscle  concentration  of  ATP/ADP  '  Pi  in  pmoles/g. 


Altitude  exposure  had  little  effect  on  these  biochemical  parameters  (palmitofe 
oxidation,  oxygen  uptake,  glycolysis  and  phosphate  potential)  in  preparations 
isolated  from  skeletal  muscle  of  any  species  (TcAde  II),  There  were  two  exceptions: 
exposure  to  altitude  significantly  (P<,05)  increased  the  phosphate  potential  in 
rabbit  skeletal  muscle  (semitendinosis)  and  also  increased  (P<,05)  the  ability  of 
isolated  mitochondria  from  rat  skeletal  muscle  (rectus  femoris)  to  oxidize  palmifate- 
1  -I^C  to  14(202  compared  to  sea  level  controls. 
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TABLE  II 


Effects  of  Altitude  Exposure  on  Several  Biochemical  Parameters 
of  Skeletal  Muscle  Metabolism^ 

Biochemical  Parameters 

Species  and  Fatty  acid  Oxygen 

treatment  oxidation^  uptake^* _ Glycolysis^ 


Phosphate 

potential^ 


Rabbit  (Semitendinosis) 


Sea  level 

623+380 

33.3+13.5 

.40+.  17 

. 14+. 11 

Altitude 

1020+235 

52.6+20.0 

.40+.  20 

. 54+.  1 7* 

Rat  (Rectus  femoris) 

Sea  level 

531+77 

42.5+21.0 

. 60+.  46 

.  36+.  1 7 

Altitude 

1762+812 

►  41.5+2.0 

.29+.  18 

.35+.  14 

Dog  (Sartorius) 

Sea  level 

1177+413 

56.6+12.6 

.59+.  28 

.  74+.  43 

Altitude 

1757+888 

59.3+6.2 

.49+.  27 

1.04+.30 

1  Animal 5  exposed  to  a 

Ititude  (14, 1 

10  ft.)  for  3  months. 

Data  are 

expressed  as  mean 

+  standard  deviation. 

*Values  followed  by  an  asterisk  1 

are  significantly  (PC. 05) 

different. 

2dpm'4C02/mg  mitochondrial  protein  •  30  min  produced  from  palmitate-1  ^C. 

3pl  O2  consumed/mg  mitochondrial  protein  •  hour;  pyruvate  as  substrate. 

^pmoles  lactate  produced/mg  homogenate  N  •  30  min;  glucose-6-phosphare  as 
substrate. 

^Total  muscle  concentration  of  ATP/ADP  •  Pi  in  pmolcs/g. 

These  observations  suggest,  from  a  biochemical  standpoint,  a  similarity  between 
the  effects  of  altitude  exposure  on  the  myocardium  of  rats  and  rabbits  and  the  effects 
of  artificially  -induced  heart  failure  in  experimental  animals.  It  may  well  be  that 
the  myocardial  hypoxia  experienced  at  14, 110  ft.  is  comparable  to  some  phase  of 
progressive  myocardial  hypoxia  occurring  during  cardiac  decompensation.  It  has 
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been  reported  both  that  mitochondria  isolated  from  experimentally-induced 
failing  rat  hearts  had  lower  oxygen  uptake  rates  with  several  substrates  compared 
to  controls,  and  that  experimentally-induced  heart  failure  in  guinea  pigs  did 
not  influence  the  rate  of  oxygen  uptake  by  heart  mitochondria.  There  is  a 
report  that  homogenates  prepared  from  failing  guinea  pig  heart  had  a  decreased 
ability  to  oxidize  fatty  acids.  It  also  indicated  that  failing  guinea  pig  hearts 
had  significantly  lower  concentrations  of  carnitine  than  control  guinea  pig  hearts 
and  that  addition  of  carnitine  to  failing  heart  homogenates  increased  fatty  acid 
oxidation  to  near  control  values.  These  observations  suggest  that  failure  in 
guinea  pig  hearts  was  manifested  by  a  decreased  ability  to  transport  fatty  acids 
from  the  extracellular  space  into  the  mitochondria  where  the  fatty  acids  could 
be  utilized  for  metabolism. 

In  our  previous  experiments,  dog  myocardium  responded  to  the  additional  work 
load  imposed  by  altitude  exposure  with  increased  rate  of  palmitate -1  -^C  oxidation 
to  14co2,  thereby  deriving  increased  amounts  of  energy.  The  increased  work 
load  was  imposed  not  only  on  the  right  ventricle  due  to  increased  pulmonary 
vascular  resistance  but  was  apparently  also  imposed  on  the  left  ventricle  (Table  I). 

RECOMMENDATIONS: 

Study  3  was  conducted  during  the  summer  of  1968.  It  is  feasible  to  investigate 
further  the  metabolism  of  lipids  by  heart  muscle  in  animals  subjected  to  prolonged 
altitude  exposure.  Since  there  is  considerable  species  variation  in  response  to 
altitude  exposure,  it  is  of  interest  to  survey  the  metabolic  response  of  several 
animal  species  to  altitude  exposure.  This  recommendation  forms  objective  for 
Study  5. 

STUDIES: 


Guinea  pigs,  rats  and  rabbits  have  been  placed  at  14,1 10  ft. ,  with  others 
scheduled  to  be  transported  there  later;  there  will  be  3  groups,  representing 
exposures  of  2,  6  and  12  weeks.  A  fourth  group  will  be  held  at  sea  level 
(ARIEM),  Natick,  Massachusetts.  This  study  is  a  collaborative  effort  among 
investigators  of  Pathology  Division,  USAMRNL:  USARIEM,  Natick,  Massachusetts, 
and  Department  of  Biochemistry,  Kansas  State  University. 

OBJECTIVES: 

The  general  objective  is  to  verify  the  results  of  Study  3  on  biochemical  alterations 
in  lipid  metabolism  in  the  myocardium  of  animals  subjected  to  prolonged  altitude 
exposure.  Morphological  and  physiological  methods  will  be  utilized  to  moKtcr 
altitude-induced  alterations.  Specific  objectives  include: 
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1.  Monitor  hematological  and  physiological  parameters  as  a  basis  af  comparison 
between  species  and  also  a  comparison  with  previous  studies. 

2.  Determine  morphological  alterations  in  heart  and  skeletal  muscle  by  electron 
microscopy. 

3.  Determine  the  rate  of  aerobic  oxidation  of  pyruvate -I  -^C,  a-ketoglutarate- 
1 -^C  and  palmitate-1 -^C  by  heart  and  skeletal  muscle  mitochondria. 

4.  Determine  the  rate  of  aerobic  oxidation  of  palmitote-1  by  heart  muscle 
homogenates  and  lysed  heart  muscle  mitochondria. 

5.  Determine  the  concentration  of  carnitine  in  heart  and  skeletal  muscle. 


6.  Derermine  the  gross  con  position  (moisture,  protein,  lipid,  glycogen,  RNA 
and  DNA)  of  heart  and  skeletal  muscle. 

7.  Determine  the  concentration  of  serum-free  fatty  acids  and  serum  glucose  at 
termination  of  the  experiment. 

STUDY  NO.  4  Effects  of  Altitude  on  the 

Cebus  apella  Monkey  with 
Emphasis  on  Cerebrospinal 
Fluid  Pressure  and  Brain 
Water  Content 


PROBLEM; 


Humans  native  to  altitude  who  travel  above  12,000  ft.  suffer  a  variety  of  transient 
symptoms  including  severe  headache,  lassitude,  anorexia,  nausea,  oliguria,  vomition, 
prostration  and  even  pulmonary  edema.  While  pulmonary  edema  is  rare  (i.e.  0.5% 
or  less  and  seems  to  be  associated  with  physical  exertion  and  cold),  nearly  all  have 
headache  and  some  20-40%  have  the  remainder  of  the  constellation  of  symptoms 
comprising  "acute  mountain  sickness"  or  "acute  altitude  disease." 

These  symptoms  regress  with  continued  residence  at  the  high  altitude,  with  marked 
improvement  occurring  in  36-48  hours  and  virtual  disappearance  of  symptoms  by 
approximately  96-120  hours.  (Onset  occurs  during  the  first  several  hours  and 
symptoms  are  most  severe  12"24,  hours  after  arrival  at  altitude.) 
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Military  operations  at  such  altitudes  with  unacclimated  troops  would  be 
hampered  to  the  extent  that  this  disease  creotes  ineffectives,  plus  the  require¬ 
ment  for  medical  personnel  to  see  to  those  few  wha  could  not  care  for  themselves. 
Better  understanding  of  the  pathogenesis  of  the  problem  is  required  for  rational 
prevention  and  management. 

Pursuing  the  hypothesis  that  increased  intracranial  pressure  is  the  common 
denominator  for  many  if  not  all  of  the  symptoms  (ultimately,  hypoxia  is  the 
basic  change)  monkeys  will  be  used  to  quantitate  some  of  the  changes. 

Ten  C.  apella  monkeys,  originating  in  Columbia,  S.A.  at  altitudes  less  than 
4500  ft.  (and  probably  only  a  few  hundred  feet)  were  laboratory-conditioned  at 
WRAIR,  WRAMC  (sea  level)  for  3  months  after  being  held  by  an  importer  in 
Florida  for  2-6  months.  These  animals  will  be  sea  level  controls  for  base  line 
values.  Two  similar  groups  of  10,  also  held  at  WRAIR,  will  be  exposed  to 
14, 1 10  ft.  (Pike's  Peak  summit)  for  1  to  5  days.  These  will  be  studied  (2  per  day) 
and  sacrificed  for  tissue  specimens.  A  fourth  group  of  10  has  been  housed  at 
MRNL  (5,380  ft. )  for  development  of  techniques,  and  for  determination  of 
values  at  that  altitude. 

Values  of  particular  interest  are  pressure,  p02,  pCC>2/  pH  and  base  in 
cerebrospinal  fluid;  cerebral  blood  flow;  systemic  arterial  and  pulmonary  arterial 
(or  right  ventricular)  pressure;  blood  gases  and  pH;  oxygen  saturation;  and  brain 
water  content  (with  electron  microscopic  examination  of  brain  for  possible  compart- 
mentation  of  such  edema  as  may  occur). 

One  of  the  groups  of  10  altitude -exposed  monkeys  will  be  treated  prophyllactically 
with  a  diuretic  (furosemide)  in  an  attempt  to  alter  the  changes  anticipated  in  the 
untreated  animals. 

RESULTS  AND  DISCUSSiON  OF  RESULTS: 


The  monkeys  are  now  housed  at  WRAIR  and  MRNL.  All  have  become  laboratory  - 
conditioned  * ;ith  very  little  problem.  Routine  TB  testing  and  fecal  examination  for 
endcparasites  has  been  conducted.  TB  tests  have  all  been  negative;  nematode 
parasites,  most  notably  Strongyloides  species,  were  present,  and  treatment  has 
been  successful.  Throat  and  rectal  swabs  from  the  MRNL  group  were  cultured  and 
Shigella  and  Salmonella  organisms,  although  expected,  were  not  found.  The  animals 
do  not  have  diarrhea  or  respiratory  disease,  eat  well,  and  are  gaining  weight. 
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With  phencyclidine  (Sernylan®,  Parke-Davis)  for  chemical  restraint,  we  are  now 
adapting  measuring  techniques  to  the  monkeys  (i.e.  spinal  tap,  catheterizations, 
placement  of  flow  probed  and  standardizing  these  methods.  Some  difficulty  has 
been  encountered  in  each  instance  but  these  should  be  overcome  as  experience 
increases. 

Sea  level  measurements  and  sacrifice  and  the  two  sets  of  altitude  exposures,  will 
occur  in  July,  1969. 

CONCLUSIONS: 

No  conclusions  with  respect  to  altitude  at  this  time.  We  have  concluded,  however, 
that  the  Cebus  monkey  is  a  very  desirable  laboratory  animal.  It  was  chosen  because 
of  freedom  from  Herpesvirus  simiae  ("B"),  extremely  low  incidence  of  spontaneous 
tuberculosis,  low  altitude  of  origin  and  acceptable  size  (somewhat  small  perhaps). 
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23.  (U)  Tech  Objective:  To  study  the  effects  of  an  environmental  alteration,  upon 
performance  on  two  information  processing  tasks,  vigilance  and  concept  identification. 
Efforts  will  be  made  to  determine:  1)  the  importance  of  informational  load  upon  per¬ 
formance  efficiency  in  the  environmental  alteration  and  2)  to  relate  social,  medical 
(history)  and  personality  to  task  performance  and  subjective  discomfort  in  the  altered 
environment. 

24.  (U)  Approach.  There  are  three  phases  of  the  research  plan:  1  )  To  develop  a  re¬ 
fined  let  of  measures  to  predict  performance  efficiency  and  subjective  discomfort. 

The  refined  screen  will  be  selected  to  have  low  inter-test  redundancy  and  high  con¬ 
sisting  of  the  matrix  of  intercorrelation;  2)  To  plot  the  course  of  performance  change 
as  a  result  of  a)  duration  of  exposure  to  the  noise  conditions  and  b)  information  load 
of  the  task;  3)  To  relate  the  set  of  measures  to  the  performance  efficiency  and  sub¬ 
jective  discomfort  of  individuals  exposed  to  the  altered  environment.  A  subsidiary 
effort  will  be  devoted  to  establishing  a  technique  to  measure  discomfort  thresholds 
for  various  modalities  directly,  and  to  relate  these  to  personality  factors  and  per¬ 
formance  efficiency. 

25.  '  U)  Progress  (Jul  68-Jun  69)  Initial  phases  of  the  development  of  a  psychometric 
biomedical  inventory,  designed  to  measure  perceived  severity  of  common  medical 
events  in  the  past  experience  of  individuals,  have  been  completed.  Data  suggest  that 
degree  of  perceived  severity  of  medical  events  is  related  to  such  factors  as  prefer¬ 
ence  of  athletic  and  social  participation.  Development  of  the  refined  screen  is  still 

in  progress,  completion  pending  receipt  of  additional  required  equipment. 
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3A06110ZB7  1R  Research  in  Bio- Medical  Sciences 

05  Environmental  Medicine 

090  Complex  Cognitive  Perfur m^ncc 

in  Altered  Environments 

The  following  investigation  is  being  conducted  under  this  work  unit: 

STUDY  NO.  1:  Effects  of  Prolonged  Exposure  to 

Noise  Upon  Information  Processing 

The  development  of  a  set  of  behavioral  testB  designed  to  predict 
individual  reactivity  to  prolonged  environmental  alteration  is  under¬ 
way.  During  the  past  year,  the  work  has  centered  upon,  construction 
of  a  Medical-Biographical  Inventory  designed  to  measure  the  per¬ 
ceived  s  everity  of  past  medical  occurrences  (e.g.,  operations,  wounds, 
illnesses).  Initial  results  indicate  that  a  perceived  severity  index  is 
related  to  preferred  types  of  social-athletic  activities.  During  the  next 
year,  the  full  set  of  measures  of  which  the  Medical-Biographical  Inven¬ 
tory  is  a  member,  will  be  developed  and  their  usefulness  aa  a  act  to 
predict  reactivity  to  the  environmental  alteration  of  prolonged  noise 
exposure  will  be  determined. 
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BODY  OF  REPORT 

WORK  UNIT  090  Complex  Cognitive  Performance 

in  Altered  Environments 

STUDY  NO*  1  Effects  of  Prolonged  Exposure  to 

Noise  Upon  Information  Processing 

PROBLEM: 

There  is  wide  variation  between  individuals  in  response  to  pain,  discom¬ 
fort,  and  stress  or  environmental  alterations  leading  to  pain  or  discom¬ 
fort,  For  example,  this  variation  has  been  repeatedly  demonstrated 
for  the  subjective  symptom  reports  of  subjects  exposed  to  high  altitude. 
The  severity  of  reported  symptomatology  has  been  demonstrated  to  be 
highly  related  to  performance  on  both  mental  and  psychomotor  tasks; 
in  general,  the  more  severe  the  reported  symptoms,  the  greater  the 
performance  decrements  while  at  high  altitude.  Prediction  of  those 
individuals  least  and  most  susceptible  (i.  e. ,  who  report  the  least  or 
most  severe  symptoms)  would  offer  the  capability  to  select  the  most 
satisfactory  individuals  for  positions  requiring  exposure  to  environ¬ 
mental  alteration.  An  assumption  of  this  work  is  that  no  completely 
effective  medical  prophylactic  or  "cure"  may  be  found  for  such  con¬ 
ditions  as  Acute  Mountain  Sickness  since  a  significant  part  of  the 
symptoms  may  depend  on  the  past  experience  with  expectation  of,  and 
interpretation  of  the  bodily  and  environmental  cues  experienced  in  the 
environmental  alteration. 

The  development  of  a  method  to  measure  sensitivity  to  discomfort 
directly  is  a  main  object  of  this  study.  Discomfort  thresholds  for 
various  sensory  modalities  (e,  g. ,  noise/tone,  light,  cold)  will  be 
determined  by  using  the  classical  psychophysical  techniques.  An 
.  index  score,  for  each  individual  (the  mean  deviation  of  the  individuals 
thresholds  for  all  modalities  from  the  sample  average)  should  be  a 
measure  of  a  general  discomfort  threshold.  This  index  of  the  dis¬ 
comfort  threshold  is  expected  to  relate  to  reactivity  to  environmental 
alteration. 

RESULTS; 

A  system  to  measure  the  thresholds  of  discomfort  on  four  modalities 
(i,  e. ,  cold  temperature,  noise/tone,  muscle  pain  and  electric  shock) 
has  been  designed  and  is  presently  being  fabricated.  A  Medical- 
Biographical  Inventory  has  beeh  developed  to  measure  the  perceived 
severity  of  past  common  medical  occurrences  such  as  minor 
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operations,  illnesses,  and  injuries*  In  pilot  work,  the  index  score 
of  perceived  severity  has  been  found  torelate  to  preferred  sports 
activities  (e.  g< ,  contact  versus  non- contact  sports)  and  social 
activities  (e.g.,  group  versus  solitary).  The  Medical- Biographical 
Inventory  has  been  refined  on  the  basis  of  these  preliminary  results, 

CONCLUSIONS} 


None 

RECOMMENDATIONS} 

1.  Continuation  of  this  program,  which  is  presently  in  its  initial 
stage,  with  the  eventual  object  of  developing  a  means  to  predict 
reactivity  to  environmental  alteration. 

2.  Test  the  ability  of  the  Medical-Biographical  Inventory  and  dis¬ 
comfort  thresholds  index  to  predict  reactivity  (e.g.,  via  subjective 
symptomatology)  to  a  standard  environmental  alteration  in  the  labora¬ 
tory  (e.  g. ,  prolonged  exposure  to  noise). 

3.  Determine  the  generality  of  the  usefulness  of  these  procedures 
in  predicting  reactivity  to  various  environmental  alterations  such  as 
high  terrestrial  altitude,  nutritional  deficits  and  temperature  extremes. 

PUBLICATIONS! 


None 
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23.  (U)  Tech  Objective)  To  Improve  methode  for  leolatlon,  identification,  and  drug 
euaceptlblllty  Seating  of  mycobacteria.  To  correlate  drug  doeage,  drug  aerum  level* 
and  bacteriologic  data  with  treatment  reaulta.  To  determine  the  effect  of  food  with 
oral  drug*  on  aerum  drug  levele,  To  inveatlgate  the  uae  of  antigenic  fractlona  of 

M,  tuberculoale  M37Ra  aa  immuniaing  agenta  againet  tuberculoaia. 

24,  (Uj  Approach:  Procedure!  for  Specimen  preparation,  media  composition,  drug 
aueceptlbility  technlquaa,  and  idantificatlon  of  mycobactarfa  are  computeriaed  for 
analyeia  with  clinical  data,  Rataa  of  bacterial  converaion  will  ba  corralatad  with  drug 
doaaga  level,  aerum  drug  level,  aerum  inhibition  titer.  Computeriaed  laboratory  data 
will  ba  uaed  for  quality  controlr  on  methodology.  Mice  will  be  immunlaed  with  puri¬ 
fied  fractlona  from  M.  tuberculoaia  and  challangad  with  viruiant  VL  tuberculoaia. 
Antibody  tltera,  datarminad  uaing  tha  aolubla  antigen  fluoreacent  anlibody  technique, 
will  be  correlated  with  protection  atudlea. 

23,  (U)  Progreaa:  (Jut  68  -  Jun  69)  Improved  mycobactertotogy  methodology  la  being 
Incorporated  In  a  ravlaion  of  U6AMRNL  Report  No.  317.  Changae  include  increaaing 
the  concentration  of  p-amtno  benaoic  acid  to  20  ug/ml  from  2  ug/ml  to  completely 
neutratiee  PAS  activity  in  bloaaaaya,  elimination  of  penicillin  from  all  madia  becauae 
of  its  effect  on  MIC  value!  for  atreptomycin,  laoniaatd  and  cthembutot.  Immunologic 
atudlea  with  antigenic  fractlona  wore  temporarily  euepended  due  to  toee  of  paraonnat 
but  will  ba  taaumad  in  FY  70. 
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ABSTRACT 


PROJECT  NO.  3A062110A822  Military  Internal  Medicine 

WORK  UNIT  NO.  065  Microbiological  Research  in 

Tuberculosis 

The  following  Invesflgations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  To  Improve  Mycobacteriology  Laboratory 
Methods 

STUDY  NO.  2  To  Develop  Immunologic  Methods  for 
Detecting  Humoral  Antibodies  to 
Mycobacterium  tuberculosis 

1.  (a).  The  composition  of  the  modified  Mlddlebrook  7H10  OA  medium,  used 
for  isolation  of  mycobacteria  from  clinical  specimens  has  been  modified  by  re¬ 
moval  of  penicillin  (0.5  /jg/m  I)  because  of  possible  inhibitory  effects  on  certain 
M.  tuberculosis  strains.  The  antibiotic  was  originally  used  to  suppress  chance 
contam I nants  whl ch  might  have  survived  the  decontamination  procedures. 

(b) .  Studies  were  made  to  determine  the  levels  of  p-aminobenzoic  acid  (PABA) 
which  must  be  added  to  bioassay  media  to  effectively  eliminate  growth  inhibition 
effects  of  p-aminosallcy!lc  acid  (PAS)  In  sera  from  patients  on  multiple  drug 
therapy. 

(c) .  A  reward  In  the  continuing  search  for  improvements  to  the  system  for 
"blue  light"  fluorescence  microscopy  was  another  barrier  filter  (Zeiss  No.  53) 
which  gives  superior  visualization  of  auramlne  0-stained  bacilli . 

Loss  of  fluorescence  (non-retention  of  stain)  by  M.  tuberculosis  H37Rv  cells 
In  the  presence  of  growth-inhibiting  concentrations  of  isoniazid,  and  etham- 
butol  parallels  loss  of  acid-fastness  for  phenol -fuchsln  stains. 

(d) ,  Serum  inhibition  titers  on  tuberculosis  patients  were  performed  with  the 
patient's  mycobacterial  strain,  M.  tuberculosis  H37Rv-Sensi five,  and  with 

and  without  p-aminobentoic  acleT  (PABA)  In  the  bioassay  medium.  The 
H37Rv  titer  differed  from  that  of  the  patient's  organism  In  54  per  cent  of  129 
sera.  In  26  per  cent  the  H37Rv  titer  differed  by  more  than  2  serial  dilutions. 

(e) .  A  seemingly  paradoxical  situation  involving  low  temperature  storage 
of  7H10  drug-containing  media  Is  being  Investigated;  storage  at  4°C. 
apparently  caused  slight  Inhibition  of  growth  Initiation  on  drug-free  medium 
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as  compared  with  plates  stored  at  room  temperature  (25-28 °C.)  The  presence 
of  congo  red  dye  in  this  medium  intensifies  inhibition  af  growth.  Media  con¬ 
taining  drugs  must  be  stored  in  the  refrigerator. 

(f) .  Preliminary  drug  susceptibility  studies  on  patient's  M.  tuberculosis 
on  7HI0  OA  agar  containing  0.2,  0.5,  and  1.0  pg/mi  af  the  new  antituborc- 
u  I  as  is  drug,  rifampin,  showed  most  isolates  to  be  susceptible  to  0.2  pg/ml. 

The  drug  is  stable  for  about  3  weeks  in  media  stored  at  4°C.,  but  deteriorates 
rapidly  at  roam  temperature. 

(g) .  A  spot  test  for  detection  of  acetyl-isaniazid  in  urine  was  evaluated 
and  found  suitable  far  use  by  hospital  ward  personnel. 

2.  This  study,  temporarily  suspended  because  af  loss  of  the  senior  investigator 
and  other  technical  personnel,  will  be  resumed  in  July  1969. 
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WORK  UNIT  NO.  065  Microbiological  Research  in 

Tuberculosis 

STUDY  NO.  1  To  Improve  Mycobacteriology 

Laboratory  Methods 

PROBLEM: 

Definitive  proof  of  mycobacterial  disease  rests  in  the  isolation  and  identification 
of  the  etiologic  agent  from  clinical  material*.  To  provide  useful  information  for 
the  physician,  accurate  drug  susceptibility  data  on  the  patient's  mycobacterial 
isolate  is  necessary.  Mycobacteria  other  than  Mycobacterium  tuberculosis  cause 
disease,  therefore  the  laboratory  should  be  able  to  identify  these  species.  Serum 
drug  level  assays  and  serum  inhibition  titers  provide,  respectively,  information 
on  the  concentration  and  clearance  rates  of  administered  drugs  and  a  measure  of 
the  antimicrobial  effectiveness  of  the  patient's  drug  regimen  against  his  infecting 
organism.  All  procedures  used  must  be  carefully  controlled  and  standardized; 
therefore,  it  is  important  thar  laboratory  personnel  have  the  knowledge  and  train¬ 
ing  to  insure  a  high  level  of  accuracy.  The  search  for  new  procedures  and  better 
modifications  of  established  procedures  is  a  continuing  process. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

New  modifications  and  additions  to  mycobacteriology  laboratory  methods  may  be 
found  in  the  forthcoming  revision  of  USAMRNL  Report  No.  317,  10  May  1968, 
at  which  time  copies  may  be  obtained  on  request.  The  new  revision  should  be 
available  in  early  FY  70, 

(a) .  Penicillin  G  has  been  routinely  added  to  the  stock  albumin  solutions, 
used  in  the  Middlebrcok  7H10  OA  agar  medium  (final  concentration  0.5  units/ml), 
to  suppress  chance  contaminants  which  might  have  survived  filtration  procedures. 
The  use  of  2.5  units/ml  penicillin  G  to  liquid  bioassay  medium  was  found  to 
decrease  the  minimum  inhibitory  concentration  (MIC)  of  isoniazid  (INH)  for 

M.  tuberculosis  H37Rv-streptomycin  (SM)-resistant  from  0.04  pg/ml  to  0.03 
pg/mT.  Because  of  possible  inhibitory  effects  by  penicillin  in  7H10  isolation 
medium  and/or  synergistic  action  in  drug-containing  agar  media,  all  penicillin 
has  been  deleted  from  these  media.  Initial  experience  has  revealed  no  increase 
in  the  contamination  rate. 

(b) .  To  determine  serum  drug  levels  (bioassay  procedure)  of  patients  on 
multiple  drug  therapy,  either  (1)  the  drugs  not  tested  for  must  be  suspended 
prior  to  the  loading  dose,  (2)  special  test  organisms  which  are  resistant  to  the 
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other  drugs  in  hi'  regimen  must  be  used,  or  (3)  substances  which  destroy  the 
effects  of  otb  *  <!.'«■  must  be  added  to  the  test  system.  The  latter  (3)  is 
the  most  des  ble  o.;  proach,  and  when  used  in  combination  with  (2)  these 
determination.  ,  can  be  made  without  interruption  of  the  patient's  drug 
therapy.  The  addition  of  p-aminobenzoic  acid  (PABA)  to  the  bioassay  medium 
effectively  eliminates  the  effect  of  p-aminosalicylic  acid  (PAS)  in  the  patient's 
serum.  The  competitive  ratio  of  PABA  to  PAS  for  sensitive  tubercle  bacilli 
is  about  1:1,  but  increases  to  between  1:16  and  1:1024  with  PAS-resistant 
strains.  Varying  the  concentration  of  PABA  (0,  2,  5,  10,  20,  50,  100  pg/ml) 
raised  PAS  MIC  values  in  the  tube  dilution  bioassay  system  from  0.03  pg/ml 
(No  PABA)  to  15  pg/ml  (2  pg/ml  PABA)  to  over  200  pg/ml  with  20  pg/ml 
PABA.  PABA  concentrations  of  20  pg/ml  in  the  presence  of  200  pg/ml  PAS, 
which  approximates  the  highest  concentration  expected  in  serum,  allowed 
growth  of  M .  tuberculosis  H37Rv-sensitive.  Thus,  20  pg/ml  PABA  is  used  in 
media  for TiToassays  and  serum  inhibition  titrations  when  it  is  desired  to  eliminate 
PAS  effects.  Earlier  reports  have  recommended  using  2  pg/ml  PABA  (Handbook 
of  Tuberculosis  Laboratory  Methods ,  VA-Armed  Forces  Cooperative  Study  on  the 
Chemotherapy  of  Tuberculosis,  Washington,  D.  C.  1962,  p.  32). 

(c).  The  advantages  of  ultraviolet  and  blue  light  microscopy  for  examining 
auramine-stained  mycobacteria  are  well  documented.  An  additional  barrier 
filter  (Zeiss  No.  53)  which  transmits  wavelengths  above  530  mp,  has  been  found 
useful  in  the  system  employing  blue  light  for  fluorescence  microscopy  of  auramine 
0-stained  mycobacteria  and  gives  better  visualization  of  the  bacilli  than  is 
obtained  with  a  barrier  filter  transmitting  wavelengths  about  500  mu.  The 
greater  contrast  was  afforded  by  the  dark  brown  background  and  the  yellow 
fluorescing  organism  as  compared  with  a  light  green  background  with  a  barrier 
filter  transmitting  wavelengths  above  500  mp.  Users  of  the  blue  light  system 
should  test  both  filters,  for  individual  differences  in  visual  acuity  may  be  a 
factor  in  selection  of  the  proper  filter.  Results  of  timed  (2  minutes)  re-examination 
with  both  filters  of  126  auramine-stained  smears  from  specimens,  most  of  which 
had  produced  positive  cultures  with  relatively  few  colonies,  were  not  significantly 
different  with  regard  to  finding  acid-fast  bacilli,  however  a  larger  area  of  the 
slide  could  be  scanned  when  using  the  530  mp  filter. 

Kubica  and  Dye  (Laboratory  Methods  for  Clinical  and  Public  Health  Mycobacteriol- 
ogy,  U.  S.  Dept.  HEW,  NCDC,  Atlanta,  Ga.,  p.  23)  stated  as  a  disadvantage 
of  the  fluorescence  method  that  "Organisms  apparently  dead  or  rendered  non- 
cultivable  by  chemotherapy  (and  non-stainable  by  Ziehl-Neelsen  Methods) 
may  still  be  fluorescence  positive".  Studies  were  undertaken  in  this  laboratory 
to  compare  the  efficacy  of  the  auramine  0-staining  merhod  with  phenol-fuchsin 
methods  to  demonstrate  INH-  and  ethambutol  (EMB)-induced  loss  of  fluorescence 
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(acid-fastness).  Growth  endpoints  in  serum  drug  levels  and  MIC  titrations, 
determined  by  loss  af  fluorescence  in  50  per  cent  of  the  bacilli,  were  within 
experimental  error  of  endpoints  determined  using  2,  3,  5-  triphenyl  tetrazalium 
chloride  (TTC).  A  few  auramine-  and  fuchsi n-positive  cells  and  many  non¬ 
fluorescing  (acid-fast)  cells  were  seen  in  tubes  wherein  the  INH  concentrations 
were  6-  to  8-fald  grea!er  than  the  MIC  determined  by  TTC.  Loss  of  acid¬ 
fastness  due  to  effects  of  INH  and  EMB  was  paralleled  by  loss  of  fluorescence. 

In  accord  with  previous  reports,  streptomycin-treated  bacilli  lost  neither 
acid-fastness  nor  fluorescence  under  these  conditions.  However,  these 
studies  did  show  that  adequate  caunterstaini  ng  with  permanganate  was  very 
necessary  for  quenching  the  slight  fluorescence  imparted  to  other  bacteria 
on  the  stained  specimen. 

(d).  Serum  inibifian  (SI)  titers  are  performed  using  the  patient's  mycobacteria! 
strain  and  strain  H37Rv -sensitive  In  a  liquid  bioassay  medium  with  and  without 
PABA.  This  serves  to  assess  the  total  in  vitro  effect  af  his  multiple  drug 
therapy,  compare  the  drug  susceptibility  afThs  organism  with  that  af  a  standard 
strain,  and  evaluates  the  contribution  of  PAS  ia  the  overall  inhibition  titer. 
Hopefully,  these  studies  will  provide  information  on  the  effectiveness  af 
chemotherapy  regimens. 

SI  titers  were  determined  on  129  sera  from  tuberculosis  patients.  Using  either 
the  patient's  strain  or  strain  H37Rv  made  no  difference  in  the  SI  titer  with  44% 
of  patient's  sera;  the  H37Rv  titer  was  greater  by  one  serial  dilution  in  28% 
and  one  dilution  lower  in  5%.  Titers  greater  by  2,  3,  4  or  5  dilutions  with  the 
Rv  strain  were  seen  in  22%  of  the  cases,  as  contrasted  with  2%  evidencing  H37Rv 
titers  lower  by  2  or  3  dilutions  than  with  the  patient's  mycobacterium.  Additional 
studies  to  evaluate  these  differences  are  in  progress. 

(e).  Heat  labile  drug-containing  media  are  stared  in  the  refrigerator  to 
decrease  drug  deterioration.  In  studies  to  determine  the  effect  of  storage 
time  an  drug  concentration  in  7H1C  agar  media  it  was  noted  that  the  size 
and  number  of  colonies  were  greater  on  control  (no  drug)  quadrants  of  plates 
held  at  room  temperature  in  plastic  bags  than  an  media  stared  in  a  like 
manner  in  the  refrigerator.  The  effect  became  apparent  in  plates  stored  for 
periods  greater  than  3  weeks  and  was  manifested  by  partial  inhibition  of  growth 
initiation  from  small  inocula.  This  inhibition  of  growth  was  intensified  by  tie 
presence  of  Congo  red  dye  (used  as  a  marker)  in  the  medium.  Inhibition  due 
to  the  dye  was  noted  also  in  plates  stared  at  room  temperature,  but  was  greater 
in  the  refrigerated  plates.  Plates  with  conga  red  in  the  control  quadrant  were 
inoculated  with  M.  tuberculosis  H37Rv  after  storage  for  4  weeks  at  the  two 
temperatures;  twa  woeks  Tater  growth  appeared  on  control  quadrants  of  media 
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which  had  been  stored  at  room  temperature,  but  not  on  refrigerated  media. 

Also,  there  was  less  growth  on  congo  red  media  in  plates  stored  at  room  temperature 
thon  on  non-dye  containing  media.  Marker  dyes  have  been  removed  from  all 
drug  susceptibility  media  and  studies  ore  in  progress  to  determine  the  cause  of 
growth  inhibition  due  to  storage  at  low  temperature. 

(f) .  In  anticipation  of  the  fut'ire  use  of  the  antituberculosis  drug,  rifompin, 
direct  drug  susceptibility  studies  v.ere  performed  by  inoculating  smeor-positi ve 
specimens  on  7H10  OA  agar  containing  0,2,  0.5,  and  1.0  p^ml  rifampin. 

All  of  the  isolates  were  susceptible  to  the  0.2  pc^ml  level  of  drug.  In  addition, 
a  series  of  plates  containing  these  concentrations  of  drug  were  stored  at  4-6°C 
and  room  temperature  (25-28  C)  and  periodically  tested  with  a  rifampin-susceptible 
H37Rv  strain.  Pefrigeroted  plates  stored  up  to  3  weeks  showed  no  evidence  of 
drug  loss  (growth  in  the  0.2  pg/ml  quadrant),  while  plates  stored  at  room  temperature 
for  one  week  allowed  growth  of  occasional  colonies.  Plates  held  at  room  temperature 
for  2  weeks,  inoculoted,  then  incubated,  at  36°C  for  an  additional  2-week  period 
showed  growth  of  about  5%  of  the  inoculum  on  the  0.2  pg/ml  quadrant  as  compared 
—with  the  drug-free  control.  Longer  incubation  (for  growth  of  M.  tuberculosis) 
resulted  in  growth  of  50%  of  the  inoculum,  indicating  a  very  rapid  destruction 
of  the  drug  at  36  C. 

(g) .  Tuberculosis  wards  need  tests  by  which  ward  personnel  con  determine 
whether  patients  regularly  take  their  oral  drugs,  i.e.  isoniazid  (INH).  For 
isoniazid,  the  best  method  is  to  chemically  test  for  INH  metabolites 
(isonicontinic  acid,  acetyl-INH)  in  the  urine.  Most  of  the  methods  reported 
are  either  too  complicated  for  use  outside  the  laboratory,  produce  noxious 
fumes,  or  lack  adequate  sensitivity  or  specificity.  A  safe  and  relatively 
simple  spot  test  for  acetyl-INH  in  urine  (Eidus,  L.  and  Hamilton,  E.  J.,  Am. 

Rev.  Resp.  Dis.,  89:587,  1964)  wos  evaluated  for  accuracy  and  adaptability 

for  use  by  non-laboratory  personnel.  The  reagents  employed  were  10%  solutions 
of  KCN  and  Chloramine  T  which  could  be  dispensed  from  medicine  dropper 
bottles  to  disposable,  white  plastic  spot  test  wells  containing  the  urine  specimen. 
Preliminary  tests  revealed  one  false  positive  (recorded  as  “trace")  among  29 
negative  urines  and  100%  correlation  with  30  urine  specimens  from  patients 
receiving  INH.  Acetyl-INH,  the  principal  metabolite  of  INH  appearing  in  the 
urine,could  be  detected  within  one  hour  ond  6  hours  (limits  tested)  after  the 
loading  dose.  Reogents  maintained  potency  up  to  a  week  under  refrigeration. 

Small,  amber,  prescription  dropper  bottles  containing  the  dry  chemicals  could 
be  furnished  the  ward  for  reconstitution  and  use  when  needed.  Utilization  of 
the  test  in  outpatient  clinics  by  clinic  personnel  is  also  feasible. 
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CONCLUSIONS: 

The  addition  of  new  methods  and  modification  of  existing  procedures  provide 
data  which  are  meaningful  and  are  of  value  in  the  clinical  management  of 
tuberculosis  patients. 

RECOMMENDATIONS: 

Studies  to  improve  and  expand  mycobacteriology  laboratory  methodology  should 
continue  indefinitely. 
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PROJECT  NO.  3A0621 10A822  Military  Internal  Medicine 

WORK  UNIT  NO.  066  Miscellaneous  Microbiological 

Clinical  Research 

The  bacterial  variant  L  form  and  species  of  mycoplosma  other  than  the  recognized 
primary  pathogens  are  being  studied  to  evaluate  their  roles  In  cl  inically-iecognize 
disease  and  In  healthy  symptom-free  individuals.  Humans,  domestic  animals,  and 
laboratory  animals  are  being  observed.  The  role  of  the  L  forms  and  sub-species 
of  mycoplasma  In  disease  Is  not  well  defined  nor  understood.  Clinical  studies 
have  proven  very  difficult  to  correlate  disease  states  with  the  L  forms  Isolated  and 
a  more  basic  approach  has  been  Incorporated  In  our  studies.  The  methodology 
developed  In  these  studies  can  be  directly  applied  to  clinical  studies.  The 
laboratory  has  established  a  complete  capability  for  the  isolation  and  identifica¬ 
tion  of  all  human  and  some  avian  and  animal  strains  of  Mycoplasma  and  functions 
as  a  consulting  laboratory  to  various  military  and  civilian  medical  facilities. 


BODY  OF  REPORT 


WORK  UNIT  NO.  066  Miscellaneous  Microbiological 

Clinical  Research 

PROBLEM: 

To  deteimine  the  role  of  Mycoplasma  and  bcicteiial  variant  L  forms  as  etiologic 
agents  associated  with  dcute  and  chronic  disease.  Tire  incidence  and  possible 
significance  of  Mycoplasma  species  other  than  the  recognized  primary  pathogens 
are  being  studied  and  evaluated  in  clinically  recognized  disease  and  in 
apparently  healthy  symptom-free  individuals.  Methodology  for  the  isolation 
and  identification  of  mycoplasma  is  well  established  and  reproducible.  With 
two  exceptions,  the  methods  employed  can  be  considered  rapid  (3-5  days). 

These  two  exceptions,  Mycoplasma  pneumoniae  and  the  mole  recently  described 
T-strains,  still  defy  the  desired  rapidity  of  isolation  ond  identification.  The 
companion  L  form  study  continues  to  pass  many  complex  problems.  First, 
no  standard  methodology  has  been  developed  foi  the  routine  isolation  of  L  forms. 
Secondly,  the  clinicd!  conditions  studied  have  proven  very  difficult  to  correlate 
with  the  L  forms  Isolated.  A  more  basic  approach  has  been  incorporated  in  our 
"studies  in  that  we  are  attempting  to  produce  L  forms  of  well -described  pathogens, 
such  ds  M.  tuberculosis,  Klebslel Id  pneumoniae,  Staphylococcus  aureus,  etc. 
and  to  evaluate  their  pdthogemclty  in  Idbordtory  animals.  Problems Tiave  been 
encountered  in  this  approach  also.  Not  all  strains  of  a  particular  species 
are  susceptible  to  L  form  production.  For  exdtnple,  we  were  able  to  produce 
L  forms  from  only  one  of  four  strains  of  stdphylococcus  studied.  It  is  expected 
the  methodology  developed  in  these  studies  can  be  diiectly  applied  to  clinical 
studies.  Our  approach  to  the  Mycoplasma-L  form  study  can  be  divided  into 
three  areas  of  emphasis. 

1.  Cooperative  studies  with  the  clinical  services.  All  patients,  adult  and 
pediatric,  on  the  Medical  Service  who  hove  a  proved  or  clinical  diagnosis 
or  dny  or  tlie  following  entities  are  included  in  the  study: 

a.  Colldgen  disease  to  include  rheumatic  fever,  glomerulonephritis, 
disseminated  lupas  erythematosis,  ond  rheumatoid  arthritis  and  its  variant 
Reiter's  disease. 

b.  Lymphomas  to  include  Hodgkin's  disease,  reticulum  cell  sarcoma, 
gidnt  follicular  lymphomd,  lymphosdreoma  and  chronic  lymphatic  leukemia. 

c.  Idiopathic  pleural  effusions. 

2.  Surveys.  Large  well-defined  groups  are  being  studied  to  determine  the 
incidence  of  mycoplasma  in: 
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a.  Normal  urine 

b.  Venereal  disease  patients 

c.  5puta  from  tuberculosis  patients 

d.  Sputa,  or  throat  washings  fiom  patients  with  acute  lesplrotoiy  disease 
of  viral  etiology 

e.  Sputa  from  patients  with  chronic  non-TB  respiratory  disease. 

3.  Laboratory  studies  to  develop  methodology  and  support  acute  clinical  problems 
in  man,  animals  and  birds. 

RESULTS  AND  DlSCUSSlONi 

Since  the  Initiation  of  This  project  1B2  patients  have  been  studied  foi  L  forms. 
Twenty-five  were  positive  for  L  forms  and  B  are  presently  under  study .  The 
mycoplasma  hove  proven  to  be  much  more  ubiquitous  thon  suspected.  Urine 
samples  were  collected  from  500  “normal"  individuals  dnd  cultured  for  myco¬ 
plasma  with  10.5%  positive  for  horn  inis,  Urethral  swabs  from  300 

individuals  being  examined  for  venereal  disease  were  cultured  for  mycoplasma  with 
54%  of  the  specimens  positive.  These  two  studies  are  the  subject  of  reports 
now  in  preparation.  Unidentified  species  of  mycoplasma  have  been  isoloted 
from  turkeys,  turkey  eggs,  monkeys  and  cows,  5everal  individuals  have 
received  training  in  mycoplasma  methodology  and  seminars  have  been  presented 
by  the  staff  at  local  hospitals  and  universities. 

CONCLUSIONS; 

It  has  been  demonstrated  that  L  forms  and  mycoplasma  can  be  isolated  from  a 
variety  of  clinically  recognizable  diseases.  The  relotionshlp  is  not  clear. 

The  results  obtained  In  the  surveys  do  indicate,  however,  that  some  species 
classed  as  normal  nonpathogens  may  be  of  an  opportunistic  nature  in  chronic 
respiratory  diseases  and  further  studies  to  explore  this  possibility  are  in 
progress. 

RECOMMENDATION  Si 

The  current  emphasis  will  be  continued  and  expanded.  A  need  still  exists  for 
more  rapid  diagnostic  methods.  One  such  method  which  may  lead  to  more 
rapid  and  specific  identification  will  be  explored.  Ibis  method  will  utilize 
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Miscellaneous  Microbiological  Clinical  Research  (Conn’d) 

pryolysts-gas-ltquld  chromatograph  technic  ha  determine  some  of  constant 
structural  factors  which  dre  species  specific  and  unique. 

PUBLICATIONS! 

Bldlr,  E,  B.  and  Tull,  A.  H.  Multiple  Infections  among  newborns  resulting 
from  cobnltatlon  with  Staphylococcus  aureus  502A.  Am,  J.  Clin.  Path,  SPUS-ao 
(July)  1969.  ‘ 
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ABSTRACT 


PROJECT  NO.  3A062110a822  Military  Internal  Medicine 

WORK  UNIT  NO.  067  Ccf-puter  Classification  of 

Pulmonary  Disability 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1:  Remote  Control  Data  Transmission-Receiving 
for  a  Digital  Computer  System. 

STUDY  NO.  2:  A  Biomedical  Information  System  for  Pulmonary 
Disease  Services 

STUDY  NO.  3:  The  Classification  of  Pulmonary  Disability 
Through  a  Computer  Based  System 

The  development  of  Computer-Communication  using  a  data  terminal- 
canputer  linkage  approach  between  Valley  Forge  General  Hospital 
and  the  Digital  Computer  Syatem,  U.  S.  Army  Medical  Research  and 
Nutrition  Laboratory  is  underway.  The  implementation  of  thiB  system 
is  currently  taking  place.  The  data  display  unit  is  currently 
under  test  and  evaluation.  This  data  system  will  tie  in  with  the 
information  system  developed  for  the  Pulmonary  Disease  Service,  FGH. 

A  biomedical  information  system  is  being  designed  and  programmed, 
in  cooperation  with  the  Pulmonary  Disease  Service,  for  a  general 
purpose  digital  computer.  This  system  is  designed  to  process  under 
automatic  controls  the  information  functions  of  data  collection,  storage, 
retrieval,  analysis  and  display.  The  basic  components  (sub-syatema ) 
of  the  Master  Syatem  are  the  specialized  and  related  items  of  clinical 
information,  laboratory  data  and  medical  reasoning  foundation  utilized 
by  physicians  in  providing  health  care  services  to  patients  with  pul¬ 
monary  diseases. 

A  Classification  Technique  is  being  developed  to  simultaneously 
handle  the  qualitative  data  derived  from  clinical  evaluation  and 
quantitative  data  derived  from  physiological  evaluation.  The 
Classification  Technique  is  now  capable  of  producing,  on  a  daily 
basis,  a  classification  of  Pulmonary  Function  status  on  patients 
studied  on  the  Pulmonary  Disease  Service,  Fitzsimons  General  Hospital. 

To  implement  each  of  the  studies,  certain  basic  progress  involving 
the  storage,  retrieval,  analysis  and  display  of  information  must 
be  developed.  These  programs  are  used  in  all  the  projects.  Examples 
of  this  type  of  programming  are  mathematical  techniques  (function 
minimization,  linear  programming),  statistical  (least  square  polynomial, 
T-test)  and  file  manipulation  (data  retrieval,  translation  frcm  natural 
language  to  mac]  ine  language). 
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BODY  OF  REPORT 

WORK  UNIT  NO.  Oo7  Computer  Classification  of 

Pulmonary  Disability 

STUDY  NO.  1  Remote  Control  Data  Trans¬ 

mission-Receiving  for  a 
Digital  Computer  System 

PROBLEM: 

To  establish  a  computer  based  Pulmonary  Disease  Informa  tion  System 
which  can  be  accessed  for  information  storage  and  retrieval  by  a 
qualified  user  who  is  not  in  the  same  geographical  location  as 
the  computer  center, 

RESULTS  AND  DISCUSSION  OF  RESULTS? 

The  computer  programming  lias  been  authored  and  debugged  to  accept 
information  generated  by  the  Pulmonary  Disease  Service,  Valley  Forge 
General  Hospital,  and  store  this  data  in  the  patient  master  file.  Spiro- 
metrv  and  lung,  volume  calculation  are  currently  being  performed  and  the 
results  stored  on  the  patient  master  file.  Medical  histories  (smoking, 
respiratory  disease  and  Form  38)  are  also  being  collected  and 
stored  on  the  patient  master  file.  This  collected  data  is  used 
to  provide  the  information  for  the  CIR  (Clinical  Information  Report) 
program  and  the  statistical  evaluation  program. 

The  transmission  system  has  been  installed,  tested  and  accepted  from 
the  manufacturer.  Active  transmissions  are  taking  place. 

CONCLUSIONS: 

1.  It  is  feasible  to  support  an  installation  geographically  separated 
from  the  computer  center. 

2.  Dedicated  transmission  facilities  are  required  to  insure  error 
free  information. 

RECOMMENDATIONS : 

1.  Program  development  should  be  continued. 

2.  Effort  should  be  made  to  acquire  dedicated  communication  circuits. 

STUDY  NO.  2  A  Biomedical  Information 

System  for  Pulmonary  Disease 
Service 


Computer  Classification  of  Pulmonary  Disability  (Cont'd) 


PROBLEM : 


A  tremendous  amount  of  medical  information  is  generated  through  the 
rataonary  Disease  Service  (T.B.,  Non-T.B.  and  Pulmonary  Function 
Clinic.).  For  effective  utilization  of  the  data  collected,  a  digital 
computer  based  information  system  is  under  development. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS t 

Programs  have  been  written  for  the  computation,  file  storage  and 
display  of  data  collected  by  the  Pulmonary  Function  Clinic.  The 
data  includes  spirometry,  lung  volume  (helium,  nitrogen  and  tody 
plethysmograph)  and  CO  diffusion  (gas  chrcmatograph/ .  Information 
generated  fresn  these  calculations  are  returned  to  the  physicians  on 
a  daily  basis. 

A  system  for  the  analysis,  storage  and  feedback  of  data  collected  by 
physicians  engaged  in  the  diagnosis  and  treatment  of  tuberculosis  is 
also  being  developed.  The  same  procedures  are  used  for  the  storage 
of  the  generated  information  as  in  the  other  information  projects. 
Information  units  collected  in  cooperation  with  the  T.B.  section 
are: 


1. 

Tuberculosis  section  conference 

2. 

Current  therapy 

3. 

Initial  therapy 

«*. 

Admission  and  contact 

5. 

Respiratory  history 

6. 

Admission  physical  examination 

7. 

X-ray  findings 

8. 

Thoracic  surgery 

9. 

Discharge  data 

There  are 

three 

information  units  collected  from  the  Microbiology 

Division , 

USAMRNL,  which  are: 

1. 

Initial  culture  entry 

2. 

Completed  culture  results 

3. 

Serum  drug  levels 

These  information  files  are  being  combined  to  form  a  summary  for  the 
use  of  the  physician  in  his  evaluation.  The  data  filing,  done  in 
connection  with  Microbiology,  replaces  their  manual  system  of  storage 
and  retrieval  of  the  information. 

A  sub-unit  of  the  information  system  is  the  analysis  of  data  to 
determine  the  effects  of  concentration  end  volume  variation  upon 
T.B.  skin  testing. 

RECOMMENDATIONS: 


Development  of  this  information  system  should  be  continued. 
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Computer  Classification  of  Pulmonary  Disability  (Cont'd)' 

PUBLICATIONS: 

Syner,  J.  C.;  A  Canputer  Based  Bimedical  Information  System. 

I.  Logic  Foundations  and  Techniques  USAMRNL  Report  #320  October  1966. 

STUDY  NO.  3  The  Numerical  Classification  of 

Pulmonary  Disability  Through  a 
Computer  Based  System 

PROBLEM: 

To  develop  a  classification  system  of  pulmonary  disability  based  on 
a  mathematical- logical  process  implemented  on  a  digital  computer. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

'The  classification  has  been  approached  from  two  avenues,  that  of 
statistical  and  mathematical  manipulation  of  collected  data  for 
the  physician  to  use  in  his  evaluation  and  the  use  of  techniques  of 
numerical  classification  using  Boolean  (0,l)  functions  to  have  the 
computer  evaluate  the  degree  of  pulmonary  disability. 

A  statistical  classification  procedure  has  been  implemented,  in 
connection  with  the  information  system,  to  evaluate  air  volume  and 
air  flow  functions  reflected  by  the  spirometry  tracing.  This 
procedure  may  be  requested  by  the  physician  for  his  evaluation  of 
his  patient  or  for  the  evaluation  of  groups  of  patients. 

The  Boolean  classification  procedure  has  not  been  under  active 
development  because  of  the  departure  of  the  primary  investigator. 

CONCLUSIONS: 

The  statistical  and  mathematical  manipulation  of  the  collected  data 
provides  the  interested  physician  with  an  additional  tool  in  his 
evaluation  of  pulmonary  disability. 

RECOMMENDATIONS : 

1.  Development  of  the  ability  to  perform  mathematical  and  statistical 
evaluations  and  manipulation  of  the  collected  data  be  continued. 

2.  The  attempt  at  Boolean  classification  should  be  suspended  until 
an  appropriately  trained  investigator  is  assigned. 
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ABSTRACT 


PROJECT  NO.  3A062U0A822  Military  Internal  Medicine 

WORK  UNIT  NO.  068  Computer  Instrument  Linkage 

The  following  investigation  has  continued  under  this  work  unit: 

STUDY  NO.  1:  Continuous  Oxygen  Consumption  under  steady 
state  exercise. 

An  automated  system  to  affect  the  digital  handling  of  analog  instruments 
utilised  in  clinics  and  laboratories  is  under  study  and  development 
in  the  U.  S.  Army  Medical  Research  and  Nutrition  Laboratory.  A 
system  has  been  developed  for  the  storage  and  retrieval  of  data  messages 
derived  from  field  studies.  Developmental  work  is  progressing  on 
the  handling  of  automatically  acquired  data  from  the  measurement 
of  oxygen  consumption  in  humans. 


227 


WORK  UNIT  NO.  068 


BODY  OF  REPORT 


Computer  Instrument 
Linkage 


STUDY  NO.  I  Continuous  oxygen 

consumption  under  study 
state  exercise 


PROBLEM; 

To  develop  the  electronic  and  digital  computer  programming  systems 
required  to  handle  the  processing,  storage,  end  retrieval  of  data 
derived  from  energy  expenditure  studies  of  subjects  undergoing 
exercise  on  motor  driven  treadmills  and  bicycle  ergometers. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

An  "analog  to  digital  date  conversion  system"  has  been  established 
within  the  Bioenergetics  Division  and  la  being  Held  tested  with  a 
ten  channel  "continuous  oxygen  consumption  analysis  system"  (USAMRNL 
Report  No.  318)  in  parallel  with  a  conventional  analog  atrip  chart 
recording.  This  data  handling  system  will  be  composed  of  several 
subsystems  which  will  eventually  carry  thr  data  from  the  recording 
instruments  to  final  oxygen  consumption  data  with  a  minimum  of 
manual  intervention. 

The  system  will  be  subdivided  into  subsystems; 

1.  Instrument  to  "analog  to  digital  data  conversion  system"  linkage 
and  digital  data  recording  on  punched  paper  tape. 

2.  Sorting,  gross  editing  and  storage  of  raw  data  as  millivolt  signals 
in  digital  form. 

3.  Retrieval  and  selective  listing  of  raw  data  as  millivolt  signals. 

4.  Retrieval,  scaling,  reduction,  listing,  and  storage  of  data  as 
gas  analysis  parameters. 
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Computer  Instrument  Linkage  (Coat'd) 

5.  Calculation,  selective  listing  and  storage  of  oxygen  consumption 
data. 

6.  Establishment  of  data  flies  related  to  the  energy  expenditure  files, 

7.  The  on-line  linkage  of  the  "continuous  oxygen  consumption  analysis 
system"  directly  to  a  digital  computer. 

As  exploratory  work  progressed  on  the  sorting,  editing,  and  storage 
of  raw  data  It  became  obvious  that  a  format  must  be  established  for 
the  storage  and  retrieval  of  the  flal  gas  parameter  data.  Therefore, 
attention  has  been  focused  on  the  establishment  of  data  riles  which 
can  be  retrieved  In  a  meaningful  manner.  This  phase  of  the  system 
(subsystem  no.  fa)  has  been  developed.  Data  collected  from  field  studies 
has  been  utilised  as  test  dats  and  is  studied  in  conjunction  with  oxygen 
consumption  parameter.  Our  established  procedure  allows  the  filing  of 
data  messages  by  the  social  security  number  of  the  subject  being 
studied  snd  the  selection,  retrieval  and  listing  of  stored  data.  Data  can 
be  retrieved,  for  example,  by  groups  determined  by  field  study,  age, 
data  range,  etc.  The  capability  to  digitally  record  scanned  analog  data 
on  punched  paper  type  (subsystem  no.  1)  is  well  established  while 
methods  of  sorting,  editing  and  storing  raw  data  on  magnetic  filet 
(subsystem  2)  has  required  constant  updating  and  modification.  These 
changes  have  been  dictated  by  the  manner  in  uhlch  the  digital  data 
is  recorded  and  the  way  in  which  the  data  will  be  used  in  the  sub¬ 
sequent  subsystems.  Therefore,  subsystem  2  Is  undergoing  major 
rewriting  while  the  subsystems  dependent  upon  it  ere  planned. 

CONCLUSIONS: 

The  automatic  handling  of  oxygen  consumption  dais  is  indeed  feasible 

but  the  digital  computer  programming  must  be  extremely  flexible  to 
allow  manual  intervention  In  conjunction  with  the  editing  of  data. 

At  the  same  time,  personnel  involved  with  the  original  data  collection 
must  be  appraised  of  the  need  for  self-discipline  in  the  rigors 
of  instrument  use. 

RECOMMENDATIONS: 

Developmental  work  should  continue  on  means  of  editing  and  storing 
the  automatically  collected  raw  data,  allowing  for  manual  intervention 
in  the  editing  steps.  Study  should  be  made  of  the  data  to  be  retrieved 
from  the  system  along  with  Its  relationship  to  other  physiological  type 
data  and  the  data  messages  developed  which  will  lead  to  meaningful 
data  retrieval. 
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23.  (U)  Tech  Objective:  To  produce  a  non-toxic  intravenous  preparation  to  provide 
concentrated  caloric  intake  tor  patients  unable  to  take  sufficient  rood  orally. 

24.  (U)  Approach:  High  caloric  density  without  osmotic  ettect  Is  a  theoretical  advan¬ 
tage  of  fat  emulsions  over  carbohydrate  or  amino  acid  solution.  Experimental  and 
commercial  emulsions  are  being  evaluated  by  animal  testing.  Observations  include 
the  clinical  status,  renal  and  hepatic  function,  and  hematological  state  following 
emulsion  administration  plus  necropsy  and  histopathologicai  exam  including 
histochemistry  and  electron  microscopy  of  liver  and  spleen. 

25.  (U)  Progress  (Jul  68-Jun  69):  No  new  emulsions  were  received.  Examination 
of  tissues  from  animals  administered  fats  at  other  institutions  was  completed.  No 
correlation  was  found  between  any  specific  emulsion  component  and  the  development 
of  the  intravenous  fat  pigment  in  tissues.  Pigment  deposition  was  greatest  in 
animals  given  cottonseed  oil  emulsionB.  Parenteral  Vitamin  E  in  rabbits  did  not 
reduce  pigment  deposition. 

These  data  have  been  included  in  an  abstra  t  submitted  to  the  8th  International 
Congress  or  Nutrition  (Prague,  Czechoslovak.  28  Aug-5  Sep  69).  Final  reports 
are  in  preparation. 
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ABSTRACT 


PROJECT  NO.  3A002II0A822  Military  Internal 

Medicine 

WORK  UNIT  NO.  071  Intravenous  Fat 

Emulsions 

STUDY  NO.  I  To  Produce  a  Non -toxic  Intravenous 
Preparation  Which  will  Provide  a 
Relatively  High  Caloric  Intake  per 
Milliliter  of  Solution  tar  Patients 
Unable  ta  Assimilate  Sufficient 
Nourishment 

Commercial  and  experimental  tat  emulsions  were  administered  intravenously 
to  rats  and  rabbits  and  the  animals  evaluated  tar  toxic  effects. 

One  large  group  of  rat*  was  given  soybean  oil  emulsion,  or  components  of 
theemulsion,  with  tome  subgroups  alto  receiving  antioxidants  or  lipotropic 
agents*  The  treatments  were  carried  out  by  Dr.  H.  C.  Meng,  Vanderbilt  Univ. , 
Nashville,  Tenn.  Tissues  were  evaluated  at  USAMRNL*  Animals  receiving  the 
lipid  developed  microgranulomas  in  spleen  and  live*,  as  well  as  pigment  deposition 
in  these  areas.  Incorporation  of  tocopherol  with  the  emulsion  markedly  Increased 
these  effects;  while  oral  methionine  or  tocopherol  had  little  effect. 

Two  cottonseed  oil  emulsions  were  administered  intravenously  ta  rats  and 
rabbits  at  USAMRNL.  Rats  and  rabbits  developed  the  pigment  and  microgranulomas 
in  liver  and  spleen,  from  either  emulsion.  The  rabbits  had  transient  hyperpyrexia 
following  Infusion  (5  days  per  week,  for  3  weeks).  Hematologic  abnormalities 
did  not  occur. 

In  a  third  study,  rabbits  were  sacrificed  at  Intervals  of  up  to  3  years  tallowing 
completion  of  infusions  of  Lipomol,  a  cottonseed  emulsion.  Tissues  bom  these 
animals  are  now  being  evaluated. 
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Intravenous  Fa*  Emulsions 

To  Produce  a  Non -toxic 
Intravenous  Preparation 
Which  'will  Provide  o 
Relatively  High  Calot  !c 
Intake  pei  Milliliter  oT 
Solution  for  Patients 
Unable  to  Assimilate 
Sufficient  Nouthhment 


PROBLEM: 


To  evaluate  the  effects  of  intravenous  administration  to  animals  of  lipid  emulsions, 
emulsifier  systems,  lipotropic  agents  and  antioxidants  alone  or  in  combination. 

RESULTS  ANP  DISCUSSION  OF  RESULTS: 

The  major  portion  of  this  report  is  devoted  to  tabulation  of  histologic  findings 
inliversand  spleens  of  rafs.  These  animals  weie  heated  whh  the  various  products 
by  Dr.  H.  C.  Meng,  Vanderbilt  University,  Nashville,  Tennessee.  They 
received,  os  a  complete  emulsion,  a  20 ^  soybean  oil  pseparation  (Intralipirl®), 

•6  gm/Vg  Yfay.  Other  groups  received  only  emulsifiers,  only  normal  saline 
<PSS,  0.9  Nad)  or  anfioxidant,  and  lipotropic  agents  alone  o*  in  combi nat ion. 

The  only  microscopic  change  of  significance  was  the  presence  of  a  chara-.teiistic 
"intravenous  fat  pigment"  in  the  reticuloendothelial  system  and  formation  of  small 
granulomas.  Both  changes  were  most  evident  in  liver  and  spleen. 

To  evaluate  these  changes,  specimens  of  liver  and  spleen  were  submitted  by 
Di .  Meng  to  MRNL  where  the  tissues  wee  processed,  stained  and  read.  The 
tissues  of  each  rat  were  evaluated  independently  by  three  investigators,  using 
replicate  slides  from  tine  same  tissve  block.  They  rated  each  section  with  tine 


following  scale: 

0 

1 

2 

5 

4 

5 

Amount  of  Pigment: 

none 

slight 

mild 

moderate 

marked, 

extensive 

fA  i  crogra  nu  lomas : 

none 

rare 

few 

Vnany 

abundant  numerous 

Both  organs  of  each  animal  were  scored  by  eaoh  of  the  thiee  invest igotors.  The 
resultant  grades  were  then  averaged  to  yield  a  single  gracte  for  each  slide  (organ). 


Intravenous  Pdt  Fmulsians  (Cant'dl 

Table  I  ha  summary  of  the  group  mean  scot*  for  each  slide,  Inspection  of 
Table  l  reveals  tie  difference  in  occurrence  of  microgranulomas  and  pigment. 
These  numbers  lend  themselves  to  com  par  ison  of  treatment  means  using  Studeni  s 
"t"  test,  but  the  precision  of  the  statistical  method  exceeds  by  fa,  tire  accuracy 
suggested  by  tie  mean  scores.  The  treatment  groups  are  smal  I  and  va,  led  In 
number  and  there  is  considerable  variability  in  the  data;  this  and  tie  necessary 
averaging  renders  "statist! cal  significance"  of  doubtful  use.  Further,  degree  of 
sampling  eito,  is  unknown ,  r.e.  we  can  only  assume  that  the  sections  examinee 
were  representative. 


TAfcFF  1 

Summary  of  Microscopic  Findings  of  Sections  of  Fivers  and  Spleens 
tMean  Scores  for-  Treatment  Groups') 
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Antral  ipid  (atone')  1 7 

Fmulslfiec  X*5012  7 

Fmulsifier  Xft5013  5 

FSS  +-  Methionine  100  mg  $ 

FSS  4  Vitamin  €  5  mg  -3 

tPSS  +  Vitamin  F  2. 5  mg  2 

1PSS  (atoned  S 

Intralipid  4  Selenium  250  *jg  10 

FSS  4  Selenium  250  pg  'ft 

FSS  t  Selenium  100  pg  3 

Methionine  100  mg 
lotral  ipid  4  Vitamin  €  2. 5  mg  5 
Intralipid  4  Vitamin  F  5  mg  'ft 

Tntralipid  4  Vitamin  F  2\5  mg  >3 
Methionine  tOO  mg 
FSS  4  Vitamin  F  5  mg  2 

Methionine  100  mg 
2  4  Vitamin  F  5. 5  mg  4 

Antral  ipid  +  Methionine  100  mg  1 5 
Methionine  100  mg 
Fntralipld  4  Vitamin  €  5  mg  -ft 
Antral  ipid  4  Selenium  100  *jg  ft 
Intral  ipid  4  Vitamin  F  <  V)  ft 

Vitam'n  F  <  *?) 

^nhat  Ipid  4  Ghat  ine  TOO  mg  10 
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Intravenous  Fat  Emulsions  (Cont'a) 
CONCLUSIONS: 


1«  Intralipid  (20%)  results  in  pigment  deposition  and  formation  of  micro¬ 
granulomas  in  rat  spleen  and  liver. 

2.  Emulsifiers  alone  result  in  fewer  reactions  than  Intralipid. 

3.  Introlipid  with  Vitamin  E  incorporated  in  the  emulsion  results  in  more 
pigment  and  microgranulomas  than  Intralipid  alone. 

4.  Intralipid  and  Vitamin  E  at  either  2.5  or  5.0  mg/day  is  not  much  different 
from  Intralipid  alone. 


In  another  study,  tissues  from  rabbits  given  highly  purified  cottonseed  oil 
emulsion  intravenously  were  evaluated.  These  were  20%  emulsions  of  absorbent 
fractionated  oil  stabilized  with  egg  yolk  phosphatide  (Emulsions  S.  R.  207  and 

S.  R.  208),  each  subjected  to  different  but  controlled  amounts  of  oxidation  during 
preparation.  The  rabbits  (6  for  each  emulsion)  were  given  15  ml/kg/day,  5  days 
per  week  for  3  weeks. 


During  the  infusion  period,  blood  and  urine  values  were  within  normal  limits, 
rectal  temperatures  increased  after  infusion  to  ranges  of  104.6  to  106.  4°F  but 
returned  to  preinfusion  levels  by  the  following  morning.  Other  reactions  are 
listed  below. 


SR207  SR208 


Food  intake 

Water  intake 

Body  weight,  week  1 

Body  weight,  week  2 

Body  weight,  week  3 

Body  weight,  week  ends 

Microgranulamas,  liver 

Microgranulomas,  spleen 

Micrograriulomas,  lymphoid  appendix 

Pigment  deposition,  liver 

Pigment  deposition,  spleen 

Pigment  deposition,  lymphoid  appendix 


decrease,  30-70% 
decrease,  25% 
slight  loss 
slight  loss 
very  slight  gain 
very  slight  gain 


decrease,  30% 
decrease,  25% 
si  ight  loss 
si  ight  gain 
si  ight  gain 
gain 


Both  products  were  also  given  intravenously  to  rats  at  the  same  dosage  as  the 
rabbits.  While  the  rats  made  better  weight  gains  during  the  infusion  period, 
they  also  had  microgranulamas  and  pigment  deposition  in  livers  and  spleens. 
Both  products  also  resulted  in  transient  inflammation  at  the  sites  of  injection 
(tail  vein  for  rats,  ear  vein  for  rabbits). 
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Intravenous  Fat  Emulsions  (Cont'd) 


When  received,  both  products  had  visible  oil  droplets  suspended  in  the  emulsion, 
on  the  surface  and  adherent  to  the  inside  of  the  container. 

CONCLUSIONS: 


SR 207  and  SR208  are  unstable,  result  is  systemic  disturbance  (abnormal  weight 
gain  in  rabbits,  hyperpyrexia)  produce  microgranulomas  and  intravenous  fat 
pigment. 

In  a  third  study,  40  rabbits  were  given  Lipomol  intravenously  at  a  dose  rate  of  50  ml 
per  day,  5  days/week  for  8  weeks  and  sacrificed  at  intervals  up  to  3  years  thereafter. 
Liver  biopsies  were  token  during  the  early  post  infusion  period.  These  tissues  are 
currently  being  analyzed. 

PUBLICATIONS: 


Abstract  submitted  for  presentation  at  Internat.  Soc.  Parenteral  Nutrition, 

Prague,  Czechoslovakia,  Sept.  1969:  Meng,  H.  C. ,  Jones,  L.  D. ,  Ackerman, 
L.  J.,  Fairchild,  D.  G.,  Bucci,  T.  J.,  "Studies  of  Long  Term  Administration  of 
a  Fat  Emulsion  in  Rats  Receiving  Anti-Oxidants  and  Lipotrophic  Agents.  " 
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23.  (U)  Tech  Objective:  To  study  the  nutritional  status  of  populations,  either  domes¬ 
tic  or  foreign,  for  the  primary  purpose  of  appraising  and  improving  the  nutritional 
status  of  the  population  concerned.  To  further  study  the  metabolism  end  require  - 
ments  of  various  vitamins,  including  B-l,  B-2,  B-6,  C  and  A  in  the  human,  as  well 
as  ascertaining  interrelationships  between  the  various  vitamine  and  attempting  to 
find  a  state  of  balance  of  optimal  vitamin  intake. 

24.  ( U )  Approach:  To  participate  as  members  of  a  team  ctrganised  for  the  on  site 
gathering  of  information  pertaining  to  the  nutritional  statue  of  a  country  or  a  popula¬ 
tion  group.  Data  are  then  analysed,  compiled  into  reports  and  recommendations  for 
the  improvement  of  the  nutrition  of  the  population  studies  are  made.  The  study  of 
vitamin  metabolism  and  requirement,  for  example,  will  be  accomplished  by  the  use 
of  either  carbon- 14  or  tritium-3  labeled  vitamins  in  order  to  determine  turnover, 
pool  else,  catabolic  fate  and  requirement. 

25.  (U)  Progress  (Jul  68- Jun  69)  1)  A  second  study  was  conducted  on  the  requirement 
for  and  the  metabolism  of  ascorbic  acid  in  ths  human.  The  investigations  were  per¬ 
formed  in  cooperation  with  the  University  of  Iowa  Medical  School.  2)  A  study  was 
conducted  in  Panama  on  factors  that  influence  water  and  salt  requirements  of  the 
human.  3)  The  influence  of  high  protein  levels  on  the  human  requirement  for  vitamin 
B6  was  investigated  and  results  ars  presently  being  analysed.  4)  Research  assist¬ 
ance  was  provided  in  various  nutrition  surveys  of  military  and  civilian  populations. 

5)  Human  livsr  vitamin  A  stores  are  under  investigation.  Of  those  thus  far  studied, 
approximately  one-third  were  observed  to  have  low  vitamin  A  stores. 

*4  veils Ne  fc  conrr*ii+»B  mwn  i*njmeHf*E  winill  2  \t\ -  - 


r.‘J498 


t'R  fc  v  i  o  o  i  edition*  or  thi«  r  ohm  ari  omolftf  nr  forms  iopa  *  nov 

and  UIH  I  MAH  M  IFOR  ARMY  ARE  OPIOLETE 


ABSTRACT 


PROJECT  NO. 
WORK  UNIT  NO. 


3A0621 10A822 
072 


Military  Internal  Medicine 
Studies  in  Human  Nutrition 


The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1  Estimation  of  total  body  stores  and  tissue  concentrations 
of  vitamin  A  in  human  subjects. 

14 

STUDY  NO.  2  Preparation  of  generally  labeled  C-beta -carotene 
for  use  in  human  vitamin  A  studies. 

STUDY  NO.  3  Experimental  scurvy. 

STUDY  NO.  4  Further  studies  on  the  vitamin  requirement  of  young 
adjlt  male  humans. 


STUDY  NO.  5  Other  nutrition  activities,  national  and  international 


1 .  Studies  on  the  liver  and  tissue  concentrations  of  vitamin  A  in  U.S.  population 
groups  have  not  been  conducted  recently.  Livers  from  subjects  in  Iowa  (34)  and 
Ohio  (54)  were  analyzed  for  total  vitamin  A.  Average  concentration  'was  122 j)g 
of  vitamin  A/g  liver.  In  either  group  there  were  29%  with  concentrations  of  less 
than  40/jc/g.  This  proportion  of  low  liver  vitamin  A  concentration  levels  is  in 
agreement  with  the  32%  found  in  a  recent  Canadian  survey.  Other  tissues  were 
found  to  contain  about  1 ^g/g  tissue  regardless  of  liver  concentration.  It  has  not 
been  determined  whether  the  high  proportion  of  low  liver  stores  were  due  to 
inadequate  dietary  intake  of  vitamin  A  or  to  other  causes. 

14 

2.  Generally  labeled  C-beta-carotene  was  prepared  biosynthetically 
utilizing  the  mold  Phy corny ces  blakesleeonus.  The  organism  was  grown  in  a 
defined  glucose-acetate  me d' urn  until  the  pH  dropped  fo  about  3.  The  cells 
were  then  centrifuged  and  resuspended  in  a  mineral  sa!ts  medium  containing 
sodium  acetate-1,2-  4C.  Forty  eight  hours  later,  the  cultures  were  harvested 
and  the  beta-carotene  was  extracted  and  extensively  purified.  Three  separate 
runs  were  made  and  each  run  produced  10-20yuC  of  pure  beta-carotene  with  a 
specific  activity  of  7-21yuQ/mg.  The  yield  of  pure  beta-carotene  4C  was  0.1 
to  0.2%.  The  beta-carotene  produced  was  of  sufficient  specific  activity  for  use 
in  human  studies. 


3.  A  second  study  was  conducted  on  the  production  of  experimental  scurvy  in 
a  group  of  six  apparently  healthy  volunteers  from  the  Iowa  State  Penitentiary 
who  were  hospitalized  on  the  metabolic  ward  of  the  University  Hospitals, 
University  of  Iowa  Medical  School.  They  were  fed  the  same  diet  as  was  em¬ 
ployed  in  the  initial  study  on  scurvy  and  were  labeled  with  l-^C-4-3H  ascorbic 
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Studies  in  Human  Nutrition  (Cont1  d) 

acid.  Orw  man  withdrew  whereas  the  remaining  five  completed  the  study.  The 
data  obtained  confirmed  and  extended  the  conclusions  derived  from  the  initial 
experimental  scurvy  study. 

4.  A  study  employing  human  young  adult  male  subjects  was  conducted  to  eval¬ 
uate  military  "C-rations"  in  terms  of  their  adequacy  in  vitamin  B^.  The  study 
was  designed  to  provide  additional  information  concerning  the  stability  of 
vitamin  Bz  in  the  ration  and  an  estimation  of  the  human  requirement  for  this 
vitamin  when  the  daily  intake  of  protein  is  in  excess  of  150  grams.  The  data 
have  been  collected  and  are  presently  being  evaluated. 

5.  Continuing  support  was  provided  nationol  and  international  nutrition 
agencies  and  their  basic  or  applied  nutrition  programs  and  training  activities. 
Of  particular  significance  has  been  the  support  provided  the  national  nutrition 
surveys  being  conducted  by  the  U.S.  Public  Health  Service. 
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WORK  UNIT  NO.  072  Studies  in  Human  Nutrition 

STUDY  NO.  1  Estimation  of  total  body  stores 

and  tissue  concentrations  of 
vitamin  A  in  human  subjects. 

PROBLEM: 


The  evaluation  of  vitamin  A  nutriture  is  difficult  except  in  cases  of  frank  vitar.  in 
A  deficiency.  Reliable  estimates  can  be  obtained  from  liver  concentrations  of 
this  vitamin,  biH  the  only  practical  means  for  obtaining  such  data  are  from  autopsy 
samples. 

Prior  to  1950  over  20  studies  on  human  liver  vitamin  A  concentrations  were  re¬ 
ported  from  Western  Culture  countries.  Mos  of  these  have  been  reviewed  by 
Moore  (1957)  and  Kirk  (1962).  More  recent  studies  were  reported  by  Smith  and 
Malthus  (1962)  and  by  Hoppner  et  al.  (1968). 

This  study  was  initiated  to  estimate  the  total  vitamin  A  body  stores  and  concen¬ 
trations  in  human  subjects.  Subsequently,  the  report  by  Hoppner  et  al.  was  pub¬ 
lished  from  Canada  in  which  it  was  stated  that  about  32%  o^  the  livers  examined 
contained  low  stores  of  vitamin  A  (less  than  40/jg/g).  Consequently,  the 
current  study  was  expanded  to  determine  whether  U.S.  populations  have  comparably 
low  liver  vitamin  A  concentrations.  Human  tissues  were  obtained  for  this  study 
through  the  kind  cooperation  of  Dr.  J.  Hood,  University  of  Iowa,  and  Dr.  J. 

Greer,  Ohio  University. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


For  analysis  of  vitamin  A  1  -2  grams  of  frozen  stored  wet  tissue  were  used.  Livers 
were  ground  with  sodium  sulfate  and  extracted  with  ether.  All  other  tissues  were 
saponified  prior  to  ether  extraction.  Vitamin  A  was  determined  by  the  tr  i  Fluor— 
oacetic  acid  procedure. 

With  the  exception  of  liver,  vitamin  A  showed  no  remarkable  affinity  for  any 
of  the  16  tissues  examined  regardless  of  liver  concentration.  Livers  contained 
an  average  of  122/jg  of  vitamin  A/g  of  liver  and  all  other  tissues  contained  about 
1  /jg/g  tissue. 

Examination  of  these  same  tissues  showed  that  with  the  possible  exception  of 
adrenals  all  tissues  had  low  and  very  variable  concentrations  of  total  caroten¬ 
oids  or  p-carotene. 
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Based  on  the  "average"  man  and  the  average  tissue  vitamin  A  concentrations  it 
was  estimated  that  the  1  22yug  of  vitamin  A/g  of  liver  accounts  for  at  least  85% 
of  the  total  body  stores  of  vitamin  A. 

In  9  livers  which  had  levels  of  vitamin  A  from  very  low  to  very  high  it  was 
found  that  the  retinol  fraction  was  relatively  constant  but  the  retinyl  ester 
fraction  increased  with  increasing  vitamin  A  concentration. 

When  liver  vitamin  A  concentrations  were  listed  by  arbitrarily  chosen  con¬ 
centration  levels  (Table  1)  it  was  found  that  the  distributions  were  identical 
for  the  Iowa  and  Ohio  population  groups.  The  age  span  of  the  subjects  was 
0-91  years  of  age  with  only  four  between  the  ages  of  0-10  years  of  age. 

The  median  age  in  both  groups  was  50  years  of  age  with  a  2:1  ma'e  to  female 
ratio. 

Unlike  the  distribution  of  liver  vitamin  A  concentrations  the  probable  causes 
of  death  were  somewhat  different  in  the  two  groups.  With  the  possible  excep¬ 
tion  of  the  pulmonary  disease  group  which  contained  the  lowest  liver  concen¬ 
tration  there  did  not  appear  to  be  any  relationship  between  liver  vitamin  A 
concentration  and  probable  cause  of  death,  including  accidental  causes. 

These  data  do  not  agree  with  the  older  studies  which  showed  that  subjects 
that  died  of  accidental  causes  had  higher  liver  vitamin  A  concentrations  than 
subjects  whose  death  was  disease  related.  The  recent  studies  of  Smith  and  Mal- 
thus  did  not  find  any  relationship  between  cause  of  death  and  liver  vitamin  A 
concentration.  Murray,  reporting  on  the  completed  Canadian  study  (Vitamin  A 
symposium,  Boston,  1968),  also  stated  that  a  cause  of  death  relationship  was 
not  found. 

CONCLUSIONS: 


Liver  vitamin  A  concentration  in  88  human  liver  samples  from  Iowa  and  Ohio 
contained  an  average  of  122/jg/g  liver  with  29%  containing  less  than 
Other  tissues  contained  about  1  ^/jg/g  tissue.  Although  these  data  are  not  ade¬ 
quate  for  an  accurate  evaluation  of  vitamin  A  nutriture  they  do  point  to  the 
need  for  Further  studies  particularly  in  view  of  their  agreement  with  the  Can¬ 
adian  findings  that  vitamin  A  insufficiency  may  be  a  greater  problem  in  North 
America  than  was  previously  anticipated. 

RECOMMENDATIONS: 

These  studies  should  be  continued  with  other  population  groups  with  particular 
emphasis  on  cases  of  accidental  deaths.  Ideally,  dietary  histories  should  also 
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be  available  in  order  to  determine  whether  the  high  incidence  of  low  liver 
stores  are  due  to  an  inadequate  intake  of  vitamin  A  or  to  other  causes. 
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Studies  in  Human  Nutrition  (Cent'  d) 

PUftiTCATtONS: 


\  *  Abstract. 

Tiaica,  Ny,  its,  J.  Scott,  L.  Lowry,  H.t,  Saoberlich  end  J.  Hood. 
T$6$.  Vitamin  A  concentration  in  oduit  button  tissues.  bed.  Prec.  28, 
4W(lW)y  “ 

3.  Manuscript  providing  detailed  findings  it  in  preparation. 


STUDY  NO.  2 


PfcOfeLtto: 


Preparation  of  general  ly 
labelled  -beta -carotene 
Tor  use  in  human  vitamin  A 
studies. 


The  human  requirements  Of  vitamin  A  and  beta-carotene  ace  being  studied 
\11Vder  O  different  protocol  .  This  study  involves  The  use  of  ^C  labelled  vitamin 
A  and  boh) -carotene,  The  labeling  of  human  subjects,  The  determination  of 
Vitamin  A  requirements,  The  pool  sized  and  utilization  rotes  of  vitamin  A,  and 
The  metabolism  of  The  vitamin. 


There  is  oo  commercially  ova  ilabJc  source  of  C -beta -carotene.  The  only 
Way  ho  obtain  uniformly  labeled  v -beta -ca rofene  is  to  prepare  if  b  Iosya - 

theti -colly  with  o  mold,  This  study  reports  The  synthesis  of  uniformly  labeled 
C  -beta  -carotene  using  The  too  id  fihycomyces  blokes  leeonus. 


RESULTS  AN  3  DISCUSS  TOM  Ob  TH€  RESULTS: 

Toitrol  attempts  To  prepare  Y! -beta -carotene  vising  P.  blokes  loco  nus  -and 
slight  modifications  of  The  procedure  of  kilty,  ef  ol  .  ( My cologTo 3?) :  862, 
T^58)  met  with  only  partial  success,  Other  attempts  To  prepare  '  \l-beTo- 
■corofeoe  using  b  lakes  leo  Trisooro  end  The  methods  of  fforcel  I  and  Wa  Iter 
(J.  Lobe! led  ■Compounds  Ik  ^V,  produced  on  escoel  lent  yield  of  beta- 
carotene  buT  Offer  extensive  puri  ficotlon,  The  radioactivity  incorporated  into 
beta -carotene  fell  To  near  zero. 


The  most  promising  organism  for  The  biosynthesis  of  beta-carotene  was  p . 
h lakes teeanuB .  Low  level  preliminary  experiments  were  done  To  improve  The 
yie’lei  oT  '  XTlncOrporation  inTo  beta -carotene.  Many  veriofions  in  conditions 
were  Tried  including  growth  of  mated  sfroins,  inclusion  of  beta-ionone  os  o 


Nutritional  and  VAetobolic  Aspects  of  Nutrients  (Cant'd) 

4tirtxj  later  Of  carotene  synthesis,  variation  i n  g lucase  -concentration,  timing  In 
the  addition  of  vi,  end  changes  In  gtf.  The  conditions  reported  ■one 
thrse  that  were  found  most  effective  in  producing  a  maximum  y ie Id  01  *C  in¬ 
corporation  into  beta -co  rote  ne. 

f  hy-oomycOs  b lakes loco  nus ,  Nfikl  1554,  (-)  strain  was  obta I nod  from  thr 
Northarnltegionol  Laboratory,  -U.S.O.A.,  8eoria,  Illinois.  The  mnl<i  was 
maintained  on  a  med.vm  containing  S6-*  molt,  2.5%  ogar  and  8.  S0;.- yeast 
extract  and  subcu Itured  at  one  month  intervals.  3 port"  suspensions  were  ob  - 
tainedby  addition  of  sterile  watei  to  the  maintenance  of  cultures  fallowed  by 
agitation  and  -decapitation  -of  the  suspension  into  xtondard  glucose -acetate  medium. 

iSoed  -cultures  were  obtained  by  I ncuboting  a  stirred,  inoculated  Erhlenmyer 
flask  for  24  hour's  at  room  temperature.  The  germinated  spores  want  theh  used 
4a  inoculate  four  fernboch  fiersks,  each  -containing  388  ml  at  the  medum.  The 
ferObach  flasks  were  placed  in  a  Wow  8runswick  8syoetherm  apnraVed  at  256-C 
with  constant  illumination,  a  ’shaking  rata  of  158  cycles  per  second,  and  a 
positive  oirftaw  through  the  passing  ttianifald.  At  inteivels,  the  pH  01  the  cultures 
was  -determined  by  removing  a  2  -  3  ml  a  I  igoOt  from  ene  at  the  flasks .  When 
the  pH  -of  the  -culture  med'um  -dropped  to  3,  (approximately  -68  hours  after  innoo- 
ulation  Pf  the  seed  -cultures'),  the  flasks  were  removed  from  the  fhyoctherm  and  the 
-cells  -centrifuged at  1060  ftf’M  lor  5  minutes.  The  -cells  were  resuspended  in  a 
Vnedum  identical  ta  initial  one  except  that  it  did  net  contain  glucose  o,r  ace¬ 
tate,  and  the  ptH  was  3.-8.  At  this  time,  18  me  of  sodium  acetate-1, 2-  \l 
-(specific  activity  - 54.-0  mc/mmole)  was  distributed  egoa I ly  to  the  four  fembaeh 
flasks  containing  the  resuspended  aelfs.  2.5  mM\  of  -carrier  acidified  potassium 
acetate,  pH  2. 7-2.8  was  added  and  the  flasks  put  back  in  the  fhyoetherrn.  The 
Tour  fk&ks  were  -connected  to  a  18%  sodium  tpdro’xide  C-O^  trap  ta  trap  respii  - 
otofy  ajO^- 

The  -cultures  were  incubated  an  additional  48  hours  under  conditions  described 
previously.  At  18  hour  intervals,  2.5  mlM  of  acidified  potassium  acetate  was 
addedte  force  the  mold  ta  grow  an  acetate.  After  a  total  incubation  period  of 
about  1 20  hours,  the  -cultures  were  harvested-  Al  I  -operations  from  this  point 
an  were  -carried  out  in  a  darkened  room . 

After  filtration  of  the  -celts  and  removal  of  the  medium,  the  -celts  were  extracted 
repeated ty  with  acetone  using  a  blender .  When  the  extract  -came  through  eater- 
less,  the  oarrfclned acetone  fractions  were  transferred  to  fetroieum  ether  fb.p. 
88,"50b)  and  saponified  with  an  egoal  volume  of  28%  methanelic  TCO  *1  for  -98 
minutes  at  slaw’  reflex.  The  non -saponifiable  fraction  was  extracted  with 
petroleum  ether  and  washed  free  of  alkali  with  water.  The  non-saponifiable 
fraction  was  dried  over  anhydatvs  sodium  sulfate  for  at  least  38  minutes. 
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^ttvbohY-oY  fOdiotJcYX'rry  Ywbs  teohtl  ih  -fyiYt  6o>b  -oorrYehC-.  ^The  evero1:  v’io'o  o- 
iti-fHjYfc  6oYtj-oow>Y6hO  >>Kis'6.'l1\S!5e.  Thh 'GOtnOdr-fes  ^'ifh  e  yk?!o  e: 
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-OGOYdYh'^  1  h>d  60>0  -<*  W-Yfehd  >«\«fe  -shrmh  YSoY  Ov'OtN  eorhhh  -fosltioh  h, 
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Table  1 

Summary  of  the  Results  of  a  Typical  Run  on  the  Biosyntheis  of  Generally 
Labelled  '4C-beta-  carotene  in  Phycomyces  blokesl^eanus.  Culture  conditions 


are  described  in  the  text. 


Fraction 

Radioactivity 

(pC) 

Specific  Activity 
of  (3-  carotene 
(pC/mg  pigment) 

!4C 

Yield 

Acetate-  ^4C 

10,000 

- 

- 

Medium 

8!  2 

- 

- 

l4C02  (as  BaC03) 

3,200 

- 

- 

Acetone  extract 

2,150 

- 

2!. 5 

Pet.  ether  extract 

729 

- 

7.29 

Non- saponifiable 

229 

224.4 

2.29 

Sterol- free  carotenes 

124 

133.8 

1.24 

(3-Carotene  (from  MgO 
column) 

18.5 

21.1 

0.185 

Rechromatographed 

(3-ca.otene 

18.1 

22.0 

0.181 
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STUDY  NO.  3  Experimental  scurvy 

PROBLEM: 


The  objectives  of  these  studies  were:  (I)  to  measure  by  labeling  with  L- 
ascorbic  1-^C,  4-^H  acid,  the  body  pool(s)  of  vitamin  C  and  to  study  its 
rate  of  depletion  during  complete  ascorbic  acid  deprivation,  (2)  to  induce 
deficiency  of  ascorbic  acid  (scurvy)  in  healthy  men,  (3)  to  estimate  the 
minimal  requirements  for  ascorbic  acid,  (4)  to  observe  the  relationship  be¬ 
tween  the  size  of  the  body  pool($)  of  ascorbic  acid  and  clinical  signs  of 
scurvy,  (5)  to  observe  the  effects  of  deficiency  of  ascorbic  acid  on  certain 
physiological  responses  and,  (6)  to  ascertain  the  amounts  of  ascorbic  acid 
necessary  to  replete  the  body  poo!($)  and  alleviate  clinical  signs  and  symptoms 
of  scurvy. 


RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

1  2 

Recent  observations  of  experimental  scurvy  '  confirmed  (*n  one  man)  the 
previous  studies  by  the  British  Medical  Research  Council  (Special  Report 
Series  No.  280  H.M.S.O.  London  1953)  that  the  minimal  amount  of  ascorbic 
acid  needed  to  prevent  or  cure  scurvy  is  slightly  less  than  10  mg.  daily. 

In  that  previously  reported  study  the  length  of  time  required  for  the  develop¬ 
ment  of  clinical  signs  and  symptoms  of  mild  scurvy  in  men  fed  a  diet  totally 
deficient  in  ascorbic  acid  was  in  the  neighborhood  of  90  days.  Ascorbic  acid 
depletion  studies  in  man  indicate  that  the  plasma  levels  declined  progressively 
until  the  56th  day  of  depletion  after  which  time  the  test  became  invalid  be¬ 
cause  of  erratic  results.  Thin  layer  chromatographic  (TLC)  studies  of  serum 
at  this  time  indicated  that  there  were  organic  compounds  present  that  reacted 
with  dinetrophenylhydrazine  (DNPH),  yet  were  not  L-ascorbic  acid.  Urinary 
excretion  of  ascorbic  acid  as  measured  by  TLC  methods  reached  zero  levels 
before  the  23rd  day  of  depletion,  however,  the  urine  still  contained  uniden¬ 
tified  substances  which  reacted  with  DNPH  and  was  proven  not  to  be  L- 
ascorbic  acid. 


Studies  in  Human  Nutrition  fCont'd) 


Isotopic  studies  provided  a  preliminary  estimate  of  the  sire  of  the  totol  body 
pool  as  being  approximately  1500  mg.  Catabolism  of  the  vitamin  progressed 
at  a  constant  rate  of  1 .55  per  cent  of  the  metabolica;ly  active  pool .  When 
this  pool  has  been  depleted  to  less  than  300  mg.  the  onset  of  clinical  scurvy 
occurred.  The  rate  of  catabolism  of  the  dual  '^C  and  JH  labeled  ascorbic 
acid  was  the  same .  Repletion  of  the  subjects  with  measured  daily  doses  of 
radioactively  labelled  ascorbic  acid  demonstrated  that  o  very  smail  amount 
of  this  vitamin  could  ameliorate  the  signs  and  symptoms  of  scurvy.  A  daily 
dose  of  6.5  mg  appeared  to  be  the  absolute  minimum  for  one  subject.  In  all 
subjects  the  rate  of  repletion  of  the  active  body  ascorbate  pool  proceeded  in 
direct  proportion  to  the  daily  dose.  None  of  the  vitamn-.  was  excreted  in  the 
urine  either  as  reduced  or  oxidized  ascorbic  acid  until  the  body  poo)  had 
been  restored  ta  approximately  1  500  mg.  When  rhe  subjects  were  fed  high 
intakes  of  ascorbic,  only  a  limited  ijuantity  of  the  ingested  vitamin  was 
equilibrated  with  the  labeled  ascorbate  pool .  The  remainder  was  excreted 
in  the  urine. 

In  the  second  scurvy  study  the  degree  of  scurvy  induced  was  more  severe  than 
it  had  been  in  the  first.  The  clinical  evidences  of  scurvy  included  not  only 
hemorrhagic  manifestations  but  also  edema,  severe  arthralgias,  a  peripheral 
neuropathy  in  one  man  and  the  development  of  the  Sicca  syndrome  in  all 
subjects.  Repletion  of  the  men  with  varying  doses  of  L  -ascorbic  acid  re¬ 
sulted  in  complete  recovery.  In  two  subjects  on  this  study  6.5  mg  ascorbate/ 
day  was  not  sufficient  to  completely  relieve  the  signs  of  scurvy  despite  a 
prolonged  repletion  period . 

CONCLUSIONS: 


The  results  of  the  Scurvy  II  study  are  stili  being  analyzed  but  appear  to 
confirm  and  extend  the  results  obtained  from  the  Scurvy  I  study. 

PUBLICATIONS; 

1.  Hodges,  R.E.,  Baker,  E.M.,  Hood,  J.,  Sauberlich,  H ,E.  and  Marsh, 
S.C.  Experimental  Scurvy  in  Man.  Am.  J.  Clin.  Nut* ,  22,  535,  1969. 

2.  Baker,  E.M.,  Hodges,  R.E.,  food,  J.,  Sauberlich,  H ,E.  ar.d  Marsh, 
S.C.,  Metabolism  of  Asco'bic  I  -  C  acid  in  Experimental  Human  Scurvy. 
Am.  J.  Clin.  Nutr.  22,  549,  1969. 

3.  Kutnink,  M.A.,  Tolbert,  B.M.,  Richmond,  U.L.  and  Baker,  E.M. 
Efficacy  of  the  Ascorbic  Acid  Stereoisomers  in  Praline  H/droxylalicr*  In 
vitro.  Proc.  Soc..  Exptl.  Biol.  Med.  |ln  press). 
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4.  frill,  E.M.,  Tolbert,  B.M.,  Mengenhauser,  J .V .  and  Baker,  E.M.,  NMR 
Studies  of  Ascorbic  Acid  and  dehydroascorbic  acid,  J,  Fhy.  Chem.  (In  press), 

5.  Morsh,  S.C..  Tolbert,  B.M.,  Sauberiich,  H.E.,  and  Baker,  E.M.  A  Specific 
Mathod  for  assaying  ascorbic  acid  and  debydroascorbic  acid.  Submitted  to  Anal , 
Biochem . 


6.  Karr,  D.B.,  Baker,  E.M,,  and  Tolbert,  B.M.  Urinary  Metabolites  in  the 
Guinea  Pig,  Manuscript  prepared  far  clearance  by  MR  &  D  and  submission  to 
J.  Biochemistry. 


7.  Karr,  D.B.,  Tolbert,  B.M.,  and  Baker,  E.M.  Subcellular  Distribution  and 
Excretion  of  Ascorbate  Measured  with  Ascorbaie-4-^H-l  -  u,  Manuscript 
prepared  for  clearance  by  MR  6.  D  and  submission  to  J .  Biochemistry . 


STUDY  NO.  4 

Further  studies  on  the 

,  .  . 

vitamin  requirement 

of  young  adult  male 
humans . 

PROBLEM: 


In  1959,  Harding,  et  al .  reported  that  human  volunteers  subsisting  for  24  days  on  a 
packaged  military  ration  providing  165  grams  of  protein  and  1  .93  mg  of  vitamin 
per  day  developed  a  statistically  significant  elevation  of  xanthurenic  acid  excretion 
after  a  tryptophan  load  at  the  end  of  the  period  or  the  diet.  The  same  subjects  had 
no  significant  alteration  in  xanthurenic  acid  excretion  post-tryptophan  loading 
following  24  days  on  a  packaged  ration  providing  164  grams  of  protein  and  2.76  mg 
of  vitamin  B^  per  day. 

During  subsequent  years,  a  number  of  studies  have  be-in  conducted  at  USAMRNL 
directed  towards  evaluating  the  human  requirement  for  vitamin  B^.  The  studies 
have  included  experiments  on  the  development  of  techniques  for  detecting  an  inade¬ 
quacy  of  the  vitamin  as  well  as  investigations  on  the  influence  of  various  dietary 
components  on  vitamin  requirement . 


One  dietary  parameter  that  has  been  observed  to  influence  vitamin  B^  requirement 
has  been  the  daily  dietary  intake  of  protein.  The  requirement  for  the  vitamin  Isos 
been  studied  under  controlled  conditions  in  human  volunteer  subjects  receiving  a 
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daily  intake  of  protein  ranging  from  30  grams  to  1 10  grams.  At  the  higher  level  of 
protein  intake,  the  daily  requirement  for  vitamin  By  appeared  to  be  not  in  excess 
of  I  .  75  mg . 

As  was  noted  above,  the  initial  study  conducted  with  the  packaged  military  ration 
provided  a  protein  intake  of  lc>5  grams.  In  none  of  the  subsequent  studies  was  the 
vitamin  By  requirement  evaluated  under  conditions  of  a  daily  protein  intake  at  this 
high  level.  Moreover,  the  subsequent  studies  have  provided  considerable  experience 
that  has  led  to  improved  techniques  for  evaluating  the  vitamin  B^  requirements  in  man. 

In  addition,  further  information  was  needed  as  to  the  storage  stability  of  the  nutrients, 
including  vitamin  B^,  provided  in  the  presently  employed  "Meal,  Combat,  Individual" 
military  ration  (Erroneously  referred  to  here  and  by  many  military  personnel  as  the 
"C':  ration).  Thus,  a  study  was  desinged  to  provide  additional  information  concerning 
the  stability  and  availability  of  vitamin  in  the  military  "C  ration"  and  the  require¬ 
ment  for  the  vitamin  at  the  high  level  of  intake  of  protein  provided  by  this  ration. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Eight  volunteer  research  subjects  on  the  Metabolic  Ward  were  utilized  for  the 
study.  The  study  was  initiated  on  6  January  1969  and  continued  through  31  March 
1969.  The  subjects  were  placed  on  a  control  diet  for  a  period  of  seven  days  followed 
by  14  days  on  a  vitamin  B^  deficient  diet.  During  the  remaining  period  of  the  study, 
the  subjects  received  either  "C-ration  I"  or  "C-ration  II",  In  the  last  phase  of  the 
study,  the  subjects  received  supplements  of  pyridoxine  in  accordance  with  each 
individual's  urinary  excretion  of  xanthurenic  acid  following  a  tryptophan  load  test , 
"C-ration  I"  war  the  standard  "Meal,  Combat,  Individual"  ration,  "C-ration  II" 
was  the  same  ration,  except  that  it  had  been  stored  for  six  months  at  a  temperature 
of  99.9  ±  0.4°F  and  57.3  ±  0.5°o  relative  humidity  prior  to  use  in  the  study.  During 
the  investigation  physical  exami  lationt  '«nd  electroencephalographic  measurements 
were  performed.  Urms  and  blood  collections  were  made  tor  use  m  cvolixjiiny  Cnonycs 
that  may  occur  in  vitamin  b.  deficiency .  Diets  were  made  available  for  vitamin 
and  approximate  analyses.  The  data  have  been  collected  and  are  presently  being 
evaluated. 

CONCLUSIONS: 

A  study  employing  human  young  adult  male  subjects  was  conducted  to  evaluate  the 
"Meal,  Combat,  Individual"  rations  in  terms  of  their  adequacy  in  vitamin  B^.  The 
study  was  designed  to  provide  information  also  concerning  the  stability  of  vitamin 
in  the  ration  and  an  estimation  of  the  human  requirement  for  this  vitamin  when  the 
daily  dietary  intake  of  protein  is  in  excess  of  150  grams.  The  data  have  been 
collected  and  are  presently  being  evaluated. 


450 


Studies  in  Human  Nutrition  (Cont'd) 


'4 

i 

4 


?UBHCATIONS: 

Canham,  J.E.,  E.M.  Baker,  R.S.  Harding,  H.E.  Sauberlich,  and  I.C.  Plough. 
"Dietary  Protoirc-lts  relationship  to  vitamin  requirements  and  function.  New 
York  Academy  of  Science,  In  Press . 


STUDY  NO.  5 


Other  nutrition  activities, 
national  and  international 


PROBLEM: 

Assistance  and  cooperation  are  provided  to  extend  nutritional  and  medical  research 
recommendations  and  training  io  U.S.  military  and  civilian  groups  and  to  civil  and 
military  populations  of  this  and  other  countries  as  judged  important  and  appropi  iate 


RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

Members  of  the  Chemistry  Division  have  assisted  in  the  training  program  ot  the 
Reserve  Officers'  groups  which  during  this  past  year  involved  participation  in 
a  nutrition  survey  of  Ft.  Irwin,  California.  Briefings  and  consultations  in  areas  of 
nutrition  were  provided  numerous  visitors,  including  scientists  from  West  Germany 
and  Indonesia.  Similarly,  assistance  }<as  been  provided  in  research,  teaching, 
training  and  consulting  to  regional,  notional  and  international  educationol  or  gov¬ 
ernment  institutes.  Included  are  such  organizations  as  WHO  and  FAO  of  the  United 
Nations,  National  Academy  of  Science  -  National  Research  Council,  Univ.  of 
California,  Colorado  Stats  University,  University  of  Colorado,  University  of 
Colorado  Medical  Center,  University  of  Iowa  Medical  School,  University  of 
Denver,  Oklahoma  Stcte  University,  National  Institutes  of  Health,  U.S.  Public 
Health  Service,  etc.  Of  particular  significance  has  been  the  assistonce  provided 
the  U.S  ,  Public  Health  Service  in  conducting  nutrition  surveys  of  populations  in 
various  states.  The  nutritional  status  af  populations  in  Texas,  Louisiana,  Mississippi, 
Alabama,  Arizone,  Kentucky  ana  New  York  have  been  investigated.  Assistance 
was  provided  in  a  study  conducted  in  Panama  irr  which  the  Chemistry  Division  was  to 
determine  the  electrolyte  and  water  requirements  of  soldiers  ingesting  various  diets 
while  performing  simulated  cambat  jungle  duties.  The  data  are  under  evaluation 
at  present.  An  extensive  study  on  the  human  requirement  for  vitamin  A  has  been 
recently  initiated  an  a  cooperative  basis  with  the  University  of  lowo  Medical 
School .  Professional  assistance  has  been  provided  by  staff  members  by  serving  as 
members  of  editorial  boards  of  nutrition  journals  and  as  members  cf  various  scientific 
committees,  including  Project  A  .C  .T.l  .O  .N  .  Advisory  Committee,  Nutrition 
Program  Ad  Hoc  Advisory  Committee  of  U.S.  Public  Health,  HIW  Sub-committee  on 
Nutrition  and  Food  Education,  and  FAO/V/HO  Expert  Group  on  vitamins  and 
minetal  requirements. 
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CONCLUSIONS: 


Continuing  support  was  provided  cooperating  national  and  international  nutrition 
agencies  and  their  basic  or  applied  nutrition  programs  and  training  activities. 

PUBLICATIONS: 

1.  Lowry,  L.K.  Y.F.  Herman,  and  H  ,E .  Sauberlich .  "Preparation  of 
Riboflavin  (Ul)-'4C."  (Submitted  to  MR  &  D  for  cl  earance  prior  to  submission 
for  publication.) 

2.  "Recommended  Diei  jry  Allowances",  Seventh  Edition,  1968,  National 
Academy  of  Sciences. 

3.  Ziporin,  Z.Z.  and  P.P,  Waring.  Thin-layer  chromatography  for  the 
separation  of  thiamin,  N'-meihylnicotinamide  and  related  compounds.  To  be 
published  in  Colowich,  S  .P.  and  N  .O.  Kaplan,  "Methods  in  Enzymology,  " 
volome  on  "Vitamins  and  Coenzymes . " 

4.  Ziporin,  Z.Z.  and  P.P.  Waring.  The  use  of  yeast  to  assay  the  separate 
moieties  of  thiamin.  To  be  published  in  Colowich,  S  .P.  and  N  .O.  Kaplan, 
"Methods  in  Enzymology",  volume  on  "Vitamins  and  Coenzymes." 

5.  Ariaey-Nejad,  M.R.,  M.  Balaghi,  E.M.  Baker,  andH.E.  Sauberlich. 
Studies  on  thiamine  metabolism  in  man  (In  press,  Am.J.  Clin.  Nutrition). 
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23.  <U)  Tech  Gbj,  ;  To  evaluate  the  nutritional  status,  work  performance,  body  compo¬ 

sition  and  work  capacity  of  the  soldier  in  order  to  ensure  that  military  performance  is 
not  impaired  by  improper  nutrition.  x 

24.  (U)  Approach:  Studies  have  been  designed  to  evaluate  the  above  problems.  The  fir  t  , 
study  evaluated  the  nutritional  adequacy  and  acceptability  of  a  variety  of  high  caloric 
density  rations,  under  non- resupply  conditions.  The  second  includes  a  number  of 
surveys  to  ascertain  the  adequacy  of  the  diet,  the  nutritional  status  of  the  soldier,  his 
dietary  intake,  body  composition  and  work  capacity.  Studies  have  been  conducted  at 

Ft.  Carson,  Colo.;  Ft.  Benning,  Ga.  {Rangers);  Ft.  Huachuca,  Arie,  ;  and  Ft.  Camp¬ 
bell,  Ky.  Four  studies  to  evaluate  minimal  food  intakes  necessary  to  permit  the 
soldier  to  effectively  perform  his  duties  for  10  days  were  completed. 

25.  (U)  Progess:  (Jul  68-Jun69)  A  survey  was  conducted  at  Ft.  Irwin,  Calif,  in  Jul  68 
Information  on  45  parameter  including  age,  height,  body  weight,  body  composition, 
work  performance  and  respiratory  function  from  these  camps  have  been  computerized, 
Means,  standard  deviations  and  correlation  coefficients  are  now  being  evaluated, 
primarily  as  they  relate  to  work  performance.  Two  papers  on  the  "Metabolic  Aspects 
of  Calorie  Restriction  (420  Cal)"  have  been  published  in  the  Am.  J.  Clin.  Nutr.  (21:793 
1968  and  21:803,  1968).  A  paper  entitled,  "The  B-Vitamin  Excretion  During  Calorie 
Restriction"  was  presented  at  the  II  Western  Hemisphere  Nutrition  Congress  in 
Puerto  Rico.  A  paper  describing  the  continuous  oxygen  analyser  was  published  as 
USAMRNL  Report  #318,  1968.  The  final  phase,  of  the  caloric  restriction  studies  was 

i AMRTljfAf fl.A'AA  ^hment  Panama.  The  data  is  being  compiled  and  evaluat  'd 
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abstract 


PROJECT  NO, 

3A0O2110A822 

Military  Internal  Medicine 

WORK  UNIT  NO. 

073 

Applied  Nutrition  Studies 

STUDY  NO. 

l 

of  Military  Populations 

Nutrition  surveys  in  military  installations  were  continued  in  1968  to 
determine  the  nutrient  intake  and  the  nutritional  status  of  military 
personnel  under  various  climatic  -conditions.  The  fifth  in  this  series 
of  surveys  was  conducted  at  Fort  IrWin,  California,  in  a  hot,  dry 
desert  environment.  Previous  surveys  Were  conducted  at  Fort 
Carson,  Colorado;  Fort  Bonning,  Georgia;  Fort  Huaehuca,  Arizona, 
and  Fort  Campbell,  Kentucky.  The  Fort  IrWin  survey  also  served 
as  a  training  mission  for  the  mobilization  designees  {reserve 
officers)  assigned  to  USAMRNl... 

STUDY  NO.  2 

Four  studies  have  been  -completed  to  determine  the  minimal  food  in¬ 
take  necessary  to  permit  the  individual  soldier  to  effectively  perform 
his  duties  for  periods  Of  3,  7  and  10  days-.  These  studies  included  10 
days  of  complete  starvation,  two  studies  of  caloric  restriction  <420 
and  500  Cal/day)  for  10  days,  and  a  field  study  in  the  jungles  of  Pana¬ 
ma.  Four  groups  of  men  {Panama  Study)  received  600,  1000,  1500, 
and  3600  Cal/day,  respectively.  In  the  420  Cal/day  study,  the  major 
adverse  effects  were -quite  similar  to  the  starvation  study  and  included 
abnormal  EEG  tracings  and  negative  nitrogen  balances  in  the  nbn- 
mineral  supplemented  group,  and  negative  nitrogen  balances  in  the 
mineral  supplemented  group. 

The  inclusion  of  protein  in  the  500  Calorie  intake  per  day  {with  3600 
Calorie  expenditure)  did  not  significantly  improve  nitrogen  balance 
in  comparison  to  the  420  Cal.  of  carbohydrate  intake  and  3200  Cal. 
expenditure.  Urinary  ketones  and  greater  water  losses  Were  observed 
in  the  500  Cal.  study  compared  to  the  420  Cal.  study,  which  would 
indicate  that  85  grams  Of  carbohydrate  per  day  was  insufficient  under 
these  conditions  to  prevent  ketosis.  Mineral  supplementation  in  one 
half  of  the  subjects  Of  both  the  caloric  restriction  studies,  conserved 
body  water.  The  biological  samples  from  the  Panama  "Study  have  not 
been  analyzed. 
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BOPYOF  REPORT 

WORK  UNl T  NO,  075  Applied  Nutrit  :on  Studies 

-of  Nlilitary  Populations 

STUOY  NO,  1  Nutrition  Survey  s 

PROBLEV: 

Annual  Army  post  nutrition  surveys  Will  be  conducted  to  evaluate  the 
adequacy  Of  the  Army  diet  in  terms  of  established  recommended  allow.  - 
artces  under  Varied  climatic  conditions-  Oict  analysis  Will  also  in- 
clude  the  essential  nutrients  for  which  recommended  dietary  allow  ¬ 
ances  have  not  been  established,  ■Clinical  evaluation  of  the  nutritional 
and  physical  status  of  military  personnel  is  essential  in  addition  to 
the  biochemical  evaluations  Of  the  blood  and  urine  samples,  A  special 
effort  will  bo  made  to  evaluate  body  composition,  work  per  forma  nc  o, 
and  cardiopulmonary  measurements  in  terms  of  dietary  intake,  habits 
and  nutritional  status. 

RESULTS  AND  OlSCUSSlON  OF  THE  RESULTS: 


Oata  from  the  survey  at  Fort  Irwin,  dealing  With  food  consumption  of 
the  throe  separate  groups  Of  individuals,  AVc  currently  being  evaluated; 
results  Will  appear  shortly  As  a  laboratory  report.  This  survey  also 
served  as  a  training  mission  for  the  mobilization  designees  (reserve 
Officers)  assigned  to  US  ANfRN L, 

progress  has  been  made  in  compilation  Of  extensive  data  from  ear  lier 
surveys.  In  collaboration  With  the  Computer  Oivision,  US  ANlRN L, 
analysis  by  compifter  is  being  darried  Out  On  44  parameters  relating 
to  body  co  mpos  it  ion ,  work  performance  and  respiratory  function  which 
were  gathered  during  the  Fort  Carson,  Fort  Huachuca,  and  Fort 
Campbell  surveys.  Information  On  eight  age  groups  have  been  punched 
on  tape  and  are  being  Analyzed  for  moans,  standard  deviations,  and 
correlation  coefficients.  These  data  should  also  be  available  shortly 
for  publication.  A  paper  entitled,  "'Nutrient  Intake  and  'Nutritional 
Status  of  Selected  Nfil itary  Populations",  was  presented  at  a  symposium 
entitled,  "Nutrition  U-S,  A-,  ">  at  the  1^6S  FASEB  Annual  meet  ing. 
Finally,  this  thVistOh  has  participated  in  the  National  Nutrition  Survey 
conducted  by  the  U-S,  Public  Health  Service  in  l^bS- lpbS  on  Navajo 
Indians  at  Lower 'Greasewood,  Arizona, 
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OC\K:LUStO\S: 

The  primary  purpOso  of  Dk'W  ytodte*s  is  tovonduot  nutrition  survovs 
on  a  rop'rosontativo  r  amplo  Of  IAS.  Army  personnel  and  to  provtdo 
information  nocovaary  for  dVocution  oi  X'MEiJS  T-essponsibilitJos 
unde-r  A&  30-11  and  A&  40-25,  The  Fort  Irevin,  'California  stndv  evns 
tiro  fifth  in  th*  vur rent  Si'T ies  of  rurva-ya.  Those  studies  have  boon 
d ir<N.-tod  to  oVtend  for  an  additional  five  rear  period. 

frFCCAl'MF'NOA  TlCSS: 

Future-  studios  'will  include  additional  surveys  in  basie  training  vamps 
for  both  mon  a rtd  tvomen  and  tho  -evaluation  -of  tbo  blood  lipid  fractions 
and  vitamin  A  status  Of  military  population's  von-suming  reconstituted 
milk  for  periods  of  up  to  One-  year. 
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Applied  Nutrition  Studies  of  Military  Populations  (Con’t) 


A  field  study  on  caloric  restriction  was  conducted  ir  September  and 
October  1968  in  the  Panama  jungle.  Six  groups  of  20  men  each  parti¬ 
cipated  in  maneuvers  in  the  jungle  environment.  Each  group  received 
different  diets,  which  included  600,  1000,  and  1500  Cal/day  for  10 
days;  Group  4  received  the  C-ration  (MT),  another  consumed  the  de¬ 
hydrated  Long  Range  Patrol  ration,  and  the  last  group  ate  a  regular 
military  diet  of  approximately  3600  Cal/day.  This  study  was  designed 
specifically  to  gather  information  on  the  minimal  nutrient  requirements 
of  troops  during  limited  simulated  combat  patrols.  Samples  of  the 
six  types  of  diets,  urine  and  sweat  were  collected  in  order  to  estimate 
mineral  and  nitrogen  balances  during  intake  of  various  diets  (lowest 
600  Cal/day)  in  a  tropical  environment.  These  samples  will  be  anal¬ 
yzed  following  completion  of  the  previously  mentioned  high  altitude 
study.  Other  data  on  food  intake,  nutrient  balances,  work  performance, 
body  composition,  and  respiratory  function  are  being  processed  at 
the  present  time. 

CONCLUSIONS; 

In  the  420  Cal/Carbohydrate/day  study  for  10  days,  the  daily  energy 
expenditure  was  3200  Cal/day,  and  it  was  observed  that  limited  calo¬ 
ries  without  mineral  supplementation  appeared  to  be  more  beneficial 
than  complete  starvation.  Some  major  abnormalities  were  still  pres¬ 
ent  including  fairly  large  body  water  losses,  significant  protein  losses 
and  abnormal  EEG  tracings  in  all  men  from  this  group.  Mineral 
supplementation  with  limited  calories  had  beneficial  effects  in  reducing 
water  deficits  and  hypohydration,  preventing  ketosis  and  in  preventing 
abnormal  EEG  tracings. 

Mineral  metabolism  studies  have  been  completed  and  manuscripts 
prepared  on  the  500  Calorie  study. 

RECOMMENDATIONS; 

The  completion  of  the  jungle  study  in  Panama  will  provide  an  oppor¬ 
tunity  to  evaluate  the  minimal  food  requirements  for  simulated  com¬ 
bat  patrols  for  periods  up  to  10  days. 
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Applied  Nutrition  Studies  of  Military  Populations  (Con't) 


PUBLICATIONS; 

1.  Krzywicki,  H.J.,  C.  F.  Consolazio,  L.  O.  Matoush,  and 
H.  L.  Johnson.  Metabolic  aspects  of  acute  starvation. 

Body  composition  changes.  Am.  J.  Clin.  Nutr.  21:  87, 

1968. 

2.  Consolazio,  C.  F. ,  L.  O.  Matoush,  H.  L.  Johnson,  H.  J. 
Krzywicki,  G.  J.  Isaac,  and  N.  F.  Witt.  Metabolic  aspects 
of  caloric  restriction.  Hypohydration  effects  on  body  weight 
and  blood  parameters.  Am.  J.  Clin.  Nutr.  21:  793,  1968. 

3.  Consolazio,  C.  F. ,  L.  O.  Matoush,  H.  L.  Johnson,  H.  J. 
Krzywicki,  G.  J.  Isaac,  and  N.  F.  Witt.  Metabolic  aspects 
of  calorie  restriction.  Nitrogen  and  mineral  balances  and 
vitamin  eoccretions.  Am.  J.  Clin.  Nutr.  21:  803,  1968. 

4.  Johnson,  H.  L.  Basal,  infants  and  children.  METABOLISM. 
Edited  by  P.  L.  Altman  and  D.  S.  Dittmer,  FASEB,  Bethesda, 
Maryland,  1968. 
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23.  (U)  Tech  Objective:  The  objectives  are  a)  to  provide  additional  information  per¬ 
taining  to  the  wholesomeness  and  nutritional  aderuaev  of  foods  sterilized  with  ionizing 
radiation;  b)  investipat.e  requirements  for  nutrients  and  factors  that  maY  alter  these 
requirements,  including  malabsorption  and  infectious  diseases;  c)  studv  the  metabolic 
aspects  of  nutrients;  and  d)  develop  techniques  for  evaluatinp  nutritional  adequacy. 

24.  (U)  Approach:  The  studies  will  involve  malnlv  animal  and  microbial  experimentation 
for  later  application  to  human  situations,  lsotonicallv  labeled  nutrients  will  be  em¬ 
ployed  to  stud”  their  metabolism,  turnover  rates,  etc.  in  animals  under  various  dietarv 
situations.  The  influence  of  intenstinal  flora  and  infections  on  nutrients  utilization 
vrill  be  studied  throup.h  the  use  of  perm-free  and  pathnpen-f ree  animals.  Enzvme  tech¬ 
niques  or  metabolite  measurements  will  be  developed  for  evaluatinp  nutritional  adequacy. 

25.  (II)  Propress  (.Tul  68-Jun  69)  1)  Germfree  and  conventional  rats  differ  little,  if  any 
in  zinc  metabolism  as  evidenced  bv  both  similar  rates  of  excretion  and  similar  tissue 
levels  of  the  isotope  following  oral  administration  of  65Zn.  2)  Preliminary  results 
indicate  that  nickel  has  a  biolopical  role  in  the  chick  3)  In  cooperation  with  OTSG, 

a  new  protocol  for  feeding  irradiated  foods  has  been  compiled  in  final  draft  form. 

4)  Uniformly  labeled  R-carotene-^C  has  been  biosvnthesized  for  use  in  metabolic 
studies.  5)  Tropical  sprue  svndrome  could  not  be  induced  in  permfree  rats  with 
lvophv lized  stool  samples  or  cell-free  extracts  of  homogenized  stools  from  sprue 
patients  6)  Germfree  vitamin  A  deficient  rats  developed  the  expected  lesions,  but 
longevity  is  verv  much  prolonged.  R-Carotone  is  utilized  as  effectively  bv  permfree  rats 
as  by  conventional  rats. 
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PROJECT  NC.  3A0621 10A822  Military  Internal  Medicine 

WORK  UNIT  NO.  074  Nutritional  and  Metabolic 

Aspects  of  Nutrients 

The  following  investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO.  1  Uti lization  of  p-carotene  in  the  vitamin  A  deficient 
germfree  rat. 

STUDY  NO.  2  Nutritional  and  Wholesomeness  aspects  of  irradiated 
foods. 


STUDY  NO.  3  Metabolism  of  nicotinic  acid  and  nicotinamide  in 
gnotobiotic  rats. 

STUDY  NO.  4  Malabsorption,  diarrhea,  steatorrhea  and  nutritional 
deficiency  syndromes. 

STUDY  NO.  5  Tissue  and  olood  enzymes. 

STUDY  NO.  6  Effect  of  a  nickel-low,  arginine-high  diet  on  chicks. 


.1 .  Of  the  two  reports  on  vitamin  A  deficiency  in  germfree  rats  one  stated  that 
the  time-course  of  deficiency  and  death  was  comparable  in  germfree  and  con¬ 
ventional  rats,  the  other  stated  that  the  deficient  germfree  rat' s  longevity  was 
greatly  increased.  There  are  no  reports  on  the  biological  efficiency  of  p-caro- 
tene  in  the  germfree  rat.  This  study  confirms  that  vitamin  A  deficient  germfree 
rats  not  only  develop  the  classical  vitamin  A  deficiency  lesions  but  have  increased 
longevity  in  the  germfree  state  and  can  utilize  p-carotene  for  growth  and  liver 
storage  as  effectively  as  conventional  rats. 

2.  Irradiation  preservation  of  foods  is  still  of  interest  to  the  Army  and  requires 
continued  liaison  and  assistance  to  USAMRDC  in  regard  to  wholesomeness. 

Most  of  the  efforts  during  this  past  year  have  been  concerned  with  the  preparation 
of  statements  and  appearances  before  the  Congressional  Subcommittee  on 
Research,  Development  and  Radiation  as  well  as  assisting  in  the  preparation  of  a 
new  feeding  protocol. 

3.  Studies  on  the  metabolism  of  nicotinic  acid  and  nicotinamide  in  gnotobiotic 
rats  have  been  completed  and  the  results  are  currently  in  press. 


Nutritional  md  Metabolic  Aspects  of  Nutrients  (Cont1  d) 

4.  To  explore  the  possibility  that  an  infectious  or  toxic  agent  is  involved  in  the 
tropical  sprue  syndrome  lyophilized  stool  samples  or  cell  free  filtrates  (0.45 
micron)  of  stool  homogenates  from  tropical  sprue  patients  were  fed  to  germfree 
rats.  After  eight  weeks  (hire  were  no  untoward  symptoms  to  suggest  a  spiue 
syndrome.  Histopathologic  examination  of  the  intestines  showed  normal  mucosal 
structure. 

5.  The  effect  of  intestinal  microflora  upon  zinc  metabolism  was  studied  using 
germfree  (GF)  and  pathogen-free  (PF)  rats.  Isotope  levels  in  the  urine  and  feces 
were  monitored  following  oral  administration  of  “^Zn.  Fecal  excretion  of  the 
iso^qjpe  did  not  differ  significantly  between  GF  and  PF  rats;  urinary  excretion 

of  Zn,  even  though  relatively  low  in  both  groups,  was  significantly  greater 
in  the  GF  rats.  There  were  no  significant  differences  between  the  two  groups 
in:  (a)  the  amount  of  wZn  remaming  in  the  gastrointestinal  tract  43  hours 
following  oral  administration,  (b)  the  amount  of  ^Zn  in  the  cecum,  nor  (c) 
the  amount  of  ^Zn  deposited  in  the  liver  and  Sidneys  during  the  48  hours  following 
dosage.  Feed  consumption  (or  efficiency)  and  growth  rates  were  comparable  for 
GF  and  PF  rats. 

6.  During  a  study  of  the  affect  of  a  folate  deficient  diet  ori  jejunal  glycolytic 
enzymes  in  germfree  (GF)  and  pathogen-free  (PF)  ma'e  rots  the  pentose  phosphate 
pathway  (PPP)  of  the  red  blood  c^ls  (RBCs)  obtc^^ed  from  these  animals  was 

also  studied.  The  production  of  COp  from  1-  HC-glucose  was  used  as  an 
index  of  R3C  PPP  metabolism.  The  response  of  intact  and  hemolyzed  R3Cs  to 
riboflavin,  thiamine  and  folic  acid  was  measured.  GF  and  PF  rats  were  placed 
on  a  tolic  acid  deficient  diet  for  24  days  and  then  bled  at  0,  6,  24,  and  72  hours. 
The  rats  bled  at  6,  24  and  72  hours  were  given  150 pg  of  folic  acid  orally,  daily. 
Control  GF  rats,  on  a  folic  ocid  complete  diet,  were  treated  similarly.  PF  rat 
R3Cs  were  obtainedat  zero  time  only.  No  anemio  or  megaloblastosis  was  seen. 

At  zero  time,  when  jejunal  glycolytic  enzymes  of  folic  acid  deficient  rats  were 
significantly  decreased,  the  PPP  of  intact  GF  rat  RBCs  did  not  stimulate  with 
150 jjg  of  added  folic  acid,  while  the  PPP  of  intact  PF  rat  RBCs  did  stimulate. 
Hemolysates  of  both  GF  and  PF  rat  RBCs  had  increased  activity  of  the  PPP  with 
added  folic  acid.  The  intact  GF  RBCs  obtained  at  6,  24  and  72  hours  did  not 
stimulate  with  added  folic  acid  and  appeared  ro  be  quite  resistant  to  dietary 
folute  deficiency  even  though  the  jejunal  glycolytic  enzymes  were  quite 
sensitive  to  folate  deficiency  and  repletion. 

7.  Studies  were  conducted  to  determine  whether  or  not  nickel  plays  a  physiological 
role  in  the  chick.  Day-old  Whits  Rock  chicks,  kept  in  a  metal-free  environment, 
were  fed  a  com  meal-skim  milk  powder  diet  which  contained  C0.08  ppm  nickel 

on  an  air  dried  basis.  Control  chicks  were  kept  under  the  same  conditions,  but 
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had  an  additional  5  ppm  nicks!  supplemented  to  the  diet.  Difference  in  the  up¬ 
take  und  distribution  of  °^NI  in  chick*  on  these  2  d.et07  regimes  were  also  studied. 
Feeding  i  ickel-low  diets  to  chicks  resulted  in  gross  changes  which  were  accentuated 
by  a  high  arginine  level  (  4%)  in  the  diet.  Differences  noted  were:  (1)  a  change 
in  pigmentation  in  the  legs/  and  to  a  lesser  extent/  the  beak;  and  (2)  legs  with 
slightly  swollen  hocks  and  thicker  bones.  The  length:  width  ratio  of  the  tiblas 
significantly  decreased  In  the  chicks  fed  the  nickel-low  diets  when  compared  to 
those  fed  the  supplemental  nickel.  No  differences  in  weights  were  noted. 

Because  of  the  variability  in  results  and  small  number  of  degrees  of  freedom/  few 
significant  changes  were  noted  in  the  isotope  study.  The  chicks  fed  the  nickel- 
low  diet  retained  a  significantly  greater  amount  of  °^Ni  at  the  6  hout  time  period 
after  administration  of  isotope  In  the  bone#  aorta/  and  liver  in  experiment  2  (high 
arginine  diets).  From  the  results/  if  appears  that  nickel  has  a  physiological 
role  in  the  chick. 


body  of  report 

WORK  UNIT  NO-  074  Nutritional  and  Metabolic 

Aspects  of  Nutrients 

STUDY  NO.  1  Utilization  of  p-carotene  in 

the  vitamin  A  deficient  germ- 
free  rat. 

PROBi-EM: 

The  characteristics  and  vitamin  A  requirements  of  germfree  (GF)  rats,  unlike  the 
conventional  rats,  have  not  been  adequately  studied.  On'y  two  reports  have 
appeared  an  vitamin  A  deficiency  in  GF  rats.  Beaver  (1961)  reported  that  al¬ 
though  the  time-rate  of  onset  of  deficiency  and  death  in  the  GF  rat  was  com¬ 
parable  to  the  conventional  rat,  lesions  in  soft  tissues  were  more  extensive  in 
the  GF  rat.  Bieri  et  al.  (1969)  reported  that  the  vitamin  A  deficient  GF  rat 
survived  for  many  weeks  after  the  onset  of  growth  retardation. 

This  study  was  initiated  to  study  the  effectiveness  of  p-carotene  in  GF  rats  for 
growth  and  liver  storage  of  vitamin  A. 

METHOD: 

Mature  GF  female  and  male  rats  were  purchased  from  ChaHes  River  Breeding 
Labs,  and  ored  In  a  sterile  environment.  During  lactation  the  mothers  were  fed 
a  steam  sterilized  22%  casein  laboratory  diet  deficient  in  vitamin  A.  The 
composition  of  this  diet  except  for  added  vitamin  A  was  Identical  to  that  norma' ly 
fed  to  GF  rats  in  this  laboratory, 


Young  Were  weaned  at  about  21  days  and  were  continued  on  the  vitamin  A 
deficient  diet  for  148  days,  at  which  time  the  remaining  rats  (4  males  and  6 
females)  were  divided  into  two  equal  groups  for  supplementation.  Dally  supple¬ 
ments  of  15/jg  of  retinol  or  28^3  of  p-carotene  in  cottonseed  oil  were  admin¬ 
istered  orally  foi  19  days.  The  oil  solutions  were  sterilized  by  filtration.  The 


rats  were  sacrificed  after  a  24  hour  fast.  Tissues  were  removed  for  pathologic 


examination  and  measurement  of  liver  retlhol  stores.  Livers  were  saponified. 


extracted  with  ether  and  retinol  determined  by  the  trlfluoroacetic  acid  procedure. 


RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 

The  growth  of  the  rats  platedued  after  80  days  on  vitamin  A  deficient  diet. 
After  140  days  two  males  that  had  become  lethargic  because  of  cecal  volvulus 
were  sacrificed.  Liver  retinol  was  found  to  be  less  than  0.5^3/ liver.  One 
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female  who  had  received  no  supplementation  throujhjut  the  entire  experimental 
period  was  found  to  hove  after  169  days  on  deficient  diet  a  compo-able  liver 
retinol  content-  Liver  stores  of  two  male  rah  which  were  sacrificed  because  of 
volvulus  after  6  and  Id  days  of  supplementation  with  retinol  were  9.6 pj  and  16.2 
uq/liver,  respectively-  the  two  male  rats  which  were  supplemented  with  p-carotene 
died  before  they  could  be  sacrificed. 

Weight  gains  and  liver  retinol  data  for  the  supplemented  rats  at  the  termination 
of  the  study  are  shown  In  Table  1-  Weight  gains  are  equal  In  the  two  groups. 
Although  the  liver  vitamin  A  stores  In  the  p-carotene  group  are  slightly  lower 
the  data  surest  that  the  biological  equivalency  af  retinol  and  p-carotene  are 
comparable  In  GE  and  conventional  rats-  That  Is/  0.3 pg  of  retinol  Is  equivalent 
to  0.6 pg  of  p-carotene  for  growth  and  liver  storage  of  vitamin  A. 

TABLE  I 

Weight  gains  and  total  liver  vitamin  A  stores  of  germfree  rats  following  repletion.^ 

WEIGHT 


Start 

End 

Retinol 

Jfll 

iaL 

{pg/ liver) 

Carotene 

174  ±4 

195  13 

70.8  1  1.4 

Retinol 

166  ±9 

1851  14 

85.3  111.3 

Hhree  females  per  group.  Supplemented  dally  with  28^9  of  p-cdrotene 
or  1 5 ^jg  of  retinol  for  1 9  days . 

On  necropsy  dll  animals  had  Worn#  chalky#  white  teeth.  Males  had  enlarged 
accessory  sex  glands  anf  flaky  proteinaceous  mat-eridl  In  the  urinary  bladder. 

Eye  lesions  were  absent  In  the  animals  examined  grossly  or  microscopically. 

Odontopathy  of  the  Incisor  teeth  was  consistently  present  and  was  quite  charac¬ 
teristic  of  vitamin  A  deficiency.  Squamous  metaplasia  with  cornlflcatbn  was 
seen  In  several  other  tissues.  Kidneys  contained  calcium  crystals.  Sperm 
production  was  nat  evident  In  either  ma'e  rat  examined. 
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Moo  re  (1957)  in  hi*  review  cited  data  to  suggest  that  vitamin  A  may  be  required 
for  dstoxlfication.  Bleri  et  al.  (1969)  and  other  have  suggested  that  conventional 
vitamin  A  deficient  rats  succumb  to  infection  within  a  few  days  after  growth 
plateau,  ft  would  seem,  therefore/  that  the  vitamin  A  deficient  GF  rat  is  pro¬ 
tected  not  only  from  Infection  but  also  from  microbial  toxicants.  Hence/  the 
GF  rat  may  have  a  reduced  vitamin  A  requirement  and  increased  longevity  in  the 
vitamin  A  deficient  state. 

CONCLUSION 

the  biological  effectiveness  of  retinol  and  p-carotens  are  comparable  In  GF 
and  conventional  rats  as  measured  by  growth  and  liver  retinol  stores.  Vitamin 
A  deficiency  was  established  by  low  liver  stores  of  retinol,  growth  arrest,  mild 
hind  quarter  paralysis,  transient  diarrhea,  response  to  retinal  or  p-carotene  and 
pathologic  data,  the  Increased  longevity  of  vitomin  A  deficient  GF  rats  has 
been  confirmed. 

RECOMME  NDAtlONSi 

the  increased  longevity  of  vitamin  A  deficient  GF  rats  in  spite  of  the  devel¬ 
opment  of  classical  lesions  suggest  the  re -examination  of  the  discarded  concept 
that  vitamin  A  is  an  "anti-infection"  vitamin. 
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STUDY  NO*  2  Nutritional  and  Wholesomer.ess 

aspects  of  irradiated  foods. 

PROBLEM: 

This  laboratory  ha;  continued  to  provide  technicol  support  to  Medical  R  &  D 
in  areas  on  the  wholesomeness  of  irradiated  foods.  With  the  denial  of  the  Army 
ham  petition  and  cancellation  of  the  previous  approval  of  irradiated  bacon  by 
the  Food  and  Drug  Administration  (FDA)  the  Army  must  reinitiate  long-te'm 
wholesomenejs  feeding  studies  if  irradiation  sterilised  mea*1  items  are  desired 
by  the  Army . 

RESULTS  AND  DISCUSSION  OF  THE  RESULT 

Efforts  during  this  past  year  have  been  placed  primarily  on  assisting  Medical 

R  &  D  in  the  writing  of  o  new  protocol  for  the  wholesomeness  testing  of  irrad’ated 

food. 

The  '  ecesslty  for  a  new  protocol  has  resulted  from  FDA's  adverse  reaction  to 
existing  wholesomeness  data.  The  new  protocol,  which  is  presently  being  re¬ 
viewed  by  FDA,  is  designed  to  answer  specific  questions  raised  by  FDA  as  well 
as  to  updaie  the  approach  and  thinking  Incorporated  in  the  protocols  written 
prior  to  1 959. 

Work  meetings  were  attended  in  Washington  and  Natick  Laboratories  in  regard 
fa  the  hearings  before  the  congressional  Subcommittee  on  Research,  Develop¬ 
ment  and  Radiation  ahd  the  new  protocol. 

Reports  of  past  studies  on  wholesomeness  are  still  being  sent  upon  proper  requests 
to  foreign  countries  and  their  representatives. 

A  seminar  oh  Toxicity  Testing  of  Foods  was  presented  at  Natick  Laboratories 
22  November,  1968. 

CONCLUSION: 

The  developments  during  this  past  year  clearly  Ind'eate  that  if  irradiation 
sterilised  foods  are  desired  by  the  Army  or  any  other  agency  new  feeding 
studies  and  tests  which  conform  to  current  attitudes  must  be  completed.  However, 
In  spite  of  FDA*  s  adverse  reaction  to  irradiated  foods  the  worldwide  interest 
in  Irradiated  foods  continues  to  be  marked. 
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RECOMMENDATIONS:  None 
PUBLICATIONS:  Nona 

STUDY  NO.  3  Metabolism  of  nicotinic  acid  and 

nicotinamide  in  gnotobiotic  rats. 

This  study  has  been  terminated  and  all  work  is  currently  in  press. 

PUBLICATIONS: 

Abstract.  Lee,  Y.C.,  R.K.  Gholson  and  N.  Raica.  Identification  of  two  new 
metabolites  of  nicotinamide  in  germfree  rats.  American  Chemistry  Society, 
Division  of  Biological  Chemistry,  Proceedings,  Sept.  9  -  13,  1968.  Abstract 
No.  24. 

Lee,  Y.C.,  R.K.  Gholson  and  N.  Raica.  Isolation  and  identification  of  two 
nicotinamide  metabolites.  J.  Biol.  Chem.,  In  Press. 


STUDY  NO.  4  Malabsorption,  diarrhea,  steatorrhea 

and  nutritional  deficiency  syndromes. 

PROBLEM: 

The  presence  of  "normal"  intestinal  microflora,  pathogenic  and  nonpathogenic 
complicates  the  study  of  nutrient  absorption  and  utilization  in  the  normal  or 
diseased  animals.  The  objectives  of  this  study  are  to  study  the  absorption  and 
utilization  of  nutrients  in  the  gnotobiotic  and  conventional  rat  and  to  deter¬ 
mine  the  effect  of  nutritional  deficiencies,  toxic  food  components  and/or 
microorganisms  on  the  histology  of  the  intestinal  mucosa  and  malabsorption 
syndromes.  One  approach  will  be  an  attempt  to  induce  a  tropical  sprue 
syndrome  in  germfree  rats  by  inoculation  with  crude  fecal  homogenates  or 
cell-free  fecal  filtrates  from  patients  with  tropical  sprue.  Other  studies  will, 
utilize  radio-labelled  nutrients  and  vitamin  deficiencies  to  determine 
absorption  and  utilization  in  the  normal  and  diseased  germfree  animal.  The 
following  experiments  have  been  conducted: 

RESULTS  AND  DISCUSSION  OF  THE  RE5ULTS: 

(a)  Attempts  to  induce  a  tropical  sprue  syndrome  in  germfree  rats.  Young 
germfree  rats  were  fed  lyophilized  stool  samples  (2  grams  in  50  grams  of  diet 
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plus  5  grams  vegetable  oil)  from  tropical  sprue  patients.  Homogenates  in  horse 
serum  were  also  made  from  the  frozen  stools  and  filtered  through  a  sterile  0.45 
micron  filter.  One  ml.  of  the  filtrate  was  administered  orally  on  a  daily  bails 
to  another  group  of  germfree  ra*s.  After  8  weeks  neither  group  of  anima's  showed 
any  untoward  symptoms  or  evidence  of  a  sprue  syndrome.  Histopathological 
examination  of  the  intestinal  mucosa  did  not  reveal  any  abnorma’ity. 

CONCLUSIONS: 


Under  the  conditions  of  this  study  it  would  appear  thot  the  stool  samples 
from  the  available  tropical  sprue  patients  did  not  contain  a  unique  infectious 
or  toxic  agents  that  could  indjce  a  malabsorption  syndiome  in  the  germfree 
rat.  Results  of  this  study  are  inconclusive.  Until  stool  samples  and  upper 
gastric  washings  from  untreated  tropical  sprue  subjects  from  areas  in  which 
antibiotics  are  effective  in  "curing"  the  sprue  are  available  the  above 
inoculation  approach  should  not  be  continued. 

PUBLICATIONS:  None 

(b)  Absorption  and  metabolism  of  essential  minerals  in  the  germfree  animal. 

The  use  of  germfree  animals  for  basic  metabolic  studies  poses  some  rather 
elementary  questions  concerning  the  nutritional  adequacy  of  diets  fed  the 
control  animals.  If  the  intestinal  microflora  affect  metabolism,  then  one 
must  examine  the  effect  of  this  microflora  upon  the  availability  and  absorption 
of  the  various  nutrients.  Only  then  will  it  be  possible  to  develop  a  truly 
adequate  diet  for  germfree  control  animals.  The  study  to  be  reported  was  to 
determine  whether  or  not  zinc  metabolism  is  influenced  by  intestinal  microflora. 

Previous  reports  .(MRNL  Progress  Report  June  1968)  indicated  that  copper 
nutrition  may  not  be  the  same  in  germfree  (GF)  and  pathogen-free  (PF)  rats. 
Continuing  the  study  of  the  effect  of  intestinal  microflora  upon  mineral 
nutrition,  zinc  metabolism  was  studied  in  the  experiments  to  be  reported  here. 
Eight  GF  and  eight  PF  male,  weanling  rats  of  the  Charles  River  CDF  strain 
were  used.  The  GF  animals  were  housed  in  individual,  stainless  steel,  wire- 
floor  cages  inside  a  sterile,  plastic  chamber;  and  the  PF  rats  were  kept  in 
individual,  stainless  steel,  wire-floor  cages  in  an  open  colony  room.  All 
animals  received  the  same  steam-sterilized,  casein-corn  starch  diet  and  water 
ad  libitum.  At  the  end  of  a  three  week  period,  during  which  growth  rate 
and  feed  consumption  data  were  recorded,  each  anima'  was  intubated  with  an 
aqueous  solution  containing  20^jCi  of  ^~*Zn.  The  rats  were  equipped  with 
tail  cups  and  placed  in  metabolism  cages  where  feed  and  water  were  provided 
ad  libitum.  Urine  and  feces  were  collected  for  48  hours  and  radioactivity 
determinations  made  on  all  collected  samples. 
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At  the  end  of  the  collection  period/  the  rah  were  sacrificed  and  the 
livers  and  kidneys  were  removed  for  isotope  determination.  After  proper 
ligations  to  prevent  fluid  loses/  the  gastrointestinal  (Gl)  tract  (including  the 
stomach,  and  small  and  large  intestine)  and  the  cecum  were  removed  from  each 
animal,  also  for  radioactivity  determinations. 

65 

The  effect  of  environmental  status  upon  Zn  excretion,  growth  rates,  and 
feed  consumption  is  summarized  in  Table  I.  During  the  48  hour  period 
following  oral  administration  of  ®3Zn,  there  was  no  significant  difference 
between  the  GF  and  PF  rah  in  the  amount  of  isotope  excreted  in  the  feces. 

This  observation  would  seem  to  indicate  that  the  intestinal  microflora  had 
little,  or  no,  effect  upon  zinc  absorption.  Despite  the  very  low  activity 
found,  the  GF  rats  excreted  significantly  more  ODZn  in  the  urine  than  their 
conventional  counterparh.  This  observation  might  suggest  that  GF  rah  have 
a  more  rapid  rate  of  zinc  turnover  than  do  PF  rats.  Growth  rates  and  feed 
consumption  were  similar  for  the  GF  and  PF  rah,  indicating  that  no  overt 
nor  gross  differences  in  nutrient  utilization  exist  between  animals  in  the  two 
environments. 


TABLE  l 

Effect  of  Environmental  Status  on  ^Zn  Excretion,  Growth  Rate  and  Feed  Consumption 


65  Zn  Excretion 

Environment 

Urine 

Feces 

Growth  Rate 

Feed  Consumption 

(%  of  oral  dose) 

(9/ day) 

{g/ g  gain  in  body 
weight) 

Germfree 

1.04 

48.0 

3.50 

2.44 

Pathogen-free 

0.60 

44.0 

3.90 

2.73 

The  effect  of  germfree  conditions  upon  tissue  distribution  of  Zn  is  summarized 
in  Table  II.  There  were  no  significant  differences  between  GF  and  PF  rah  in 
the  residjal  radioactivity  in  the  Gl  tracts  and  the  ceca,  again  supporting  the 
suggestion  that  intestinal  microflora  have  very  little,  if  any,  effect  upon  zinc 
absorption.  Similarly,  the  amount  of  ^Zn  retained  by  the  livers  and  kidneys 
was  not  significantly  different  between  the  GF  and  •’F  animals.  Thus,  the 
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1 

1 


tissue  data  and  the  urinary  data  seem  to  be  contradictory;  the  former 
suggesting  no  difference  in  zinc  turnover  between  GF  and  PF  rats;  but 
the  latter  indicating  a  more  rapid  zinc  turnover  rate  for  GF  rats.  No 
explanation  for  this  apparent  voriance  is  yet  available. 


TABLE  II 

Effect  of  Environmental  Status  on  Tissue  Distribution  of  ^“*Zn. 


Environment 

^Zn  Content 

Gla 

Liver 

Kidneys 

Cecum 

(%  oral  dose) 

Germfree 

10.9 

6.54 

1.77 

22.2 

Pathogen-free 

9.24 

7.36 

2.20 

17.9 

a Gastrointestinal  tract  including  stomach,  small  intestine,  and  large  intestine. 
CONCLUSIONS: 

Contrary  to  the  effect  of  germfree  conditions  on  copper  nutrition,  germfree 
and  conventional  rats  appear  to  differ  little,  if  any,  in  their  general  zinc 
nutrition.  However,  the  present  data  cannot  be  construed  to  mean  that  more 
subtle  characteristics  of  zinc  metabolism  than  those  measured  might  not  differ 
between  GF  and  PF  rats. 

RECOMMENDATIONS: 

Continue  to  use  germfree  animals  to  study  the  effect  of  intestinal  microflora 
on  mineral  metabolism.  More  refined  and  detailed  experimentation  should  oe 
used  in  order  to  study  the  possible  subtie  differences  which  might  be  overlooked 
by  the  presently  used  general  experiments. 

PUBLICATIONS: 

Dowdy,  fLP.,  Y.F.  Herman,  and  H.E.  SauberSich.  Effect  of  germfree 
status  on  Cu  excretion  by  the  rat.  Proc.  Soc.  Exptl.  Biol.  Med.  1 30: 
1294-1297,  1969. 
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STUDY  NO.  5  Tissue  and  blood  enzymes 

PROBLEM: 

To  study  the  mechanism  of  action  of  various  vitamins  which  affect  the  pentose 
phosphate  pathway  of  animal  red  blood  cells,  particularly  gnotobiotic  rats 
on  a  folic  acid  deficient  diet,  and  to  determine  whether  the  red  blood  cell 
pentose  phosphate  pathway  is  affected  by  the  folic  acid  deficient  diet  in  the 
same  way  as  the  jejunal  glycolytic  enzymes. 


RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


Studies  in  the  Metabolic  Division  showed  that  dietary  sugars  increased  the 
activities  of  the  specific  enzymes  of  the  jejunum  involved  in  their  metabolism 
in  both  man  and  rat.  Thus,  dietary  fructose  increased  the  activities  of 
jejunal  fructokinase,  fructose-1  -phosphate  aldolase,  fructose-1 , 6-diphosphate 
aldalase  and  pyruvate  kinase.  Dietary  glucose  increased  the  activities  of  jejunal 
glucokinase,  hexokinase,  fructose -1,6-diphosphate  aldalase  and  pyruvate  kinase. 
These  studies  led  to  collaboration  between  the  Metabolic  and  Chemistry 
Divisions  to  investigate  the  effect  of  oral  folic  acid  on  the  glycolytic  enzymes 
in  .man  (1).  We  then  investigated  the  effect  of  oral  folic  acid  on  the  jejunal 
glycolytic  enzymes  of  male  germfree  (GF)  and  male  pathogen-free  (PF) 
rats;  germfree  animals  being  chosen  particularly  because  of  the  reported  diff¬ 
iculty  in  demonstrating  folic  acid  deficiency  without  administering  an  anti¬ 
biotic.  The  results  of  these  studies  showed  that  the  GF  rat  on  a  folic  acid 
deficient  diet  had  a  decreased  serum  folate  level  and  a  marked  decrease  in 
the  jejunal  glycolytic  enzyme  activities  which  increased  when  oral  folate  was 
administered.  It  was  during  the  course  of  these  studies  that  rat  red  blood 
cells  (RBC1  s)  were  obtained  from  GF  and  PF  male  rats,  strain  CDF,  of  the 
Charles  River  Breeding  Laboratories,  Wilmington,  Massachusetts,  und  the 
pentose  phosphate  pathway  (PPP)  was  studied  in  the  RBC' s  obtained  from 
folic  acid  deficient  and  folic  acid  replete  rats. 


The  production  of  C-labelled  carbon  dioxide  (  CO2)  from  the  first  car¬ 
bon  of  4C-labelled  glucose  (1  -  4C-glucose)  was  used  as  an  in^x  of  R3C 
PPP  metabolism.  Measurements  were  obtained  by  trapping  the  CO2  in 
hyamine  hydroxide  and  counting  this  activity  in  a  liquid  scintillation  counter. 
The  results  were  calculated  as  the  mean  percent  of  the  initial  radioactivity 
recovered  as  CC^-  The  production  of  ^CO->  was  measured  in  both  the 
intact  R3C*  s  and  RBC  hemolysates  with  or  without  the  following  cofactors: 
Thiamine  (Bj),  2  mM;  riboflavin  (B2),  30>ug;  and  folic  acid,  150  ug  added 
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to  each  incubation  flask.  Twenty-four  GF  rots  weighing  40  grams  each  were 
placed  on  a  folic  acid  complete  diet  (+FA)  for  7  days,  at  the  end  of  which  16 
of  the  24  GF  rats  were  placed  on  a  folic  acid  deficient  (-FA)  diet  and  the  re- 
ma’ning  8  GF  rats  were  continued  on  the  +FA  diet.  Both  groups  of  GF  rats  were 
maintained  on  this  dietary  regimen  for  24  more  days.  At  the  end  of  the  24th 
day  the  study  was  begun  when  at  zero  time  4  GF  rots  on  the  -FA  diet  (experi¬ 
mental)  and  2  GF  rats  on  the  +FA  diet  (Control)  were  sacrificed.  The  remaining 
GF  rats  in  both  groups  (experimental  and  control)  were  given  150/jg  of  folic 
acid  by  stomach  tube  at  0,  24  and  48  hours.  Four  of  the  GF  rats  on  the  -FA 
diet  (experimental  group)  ond  2  GF  rats  on  the  +FA  diet  (control  group)  were 
sacrificed  at  6,  24/  72  hours,  respectively.  Animals  were  weighed  prior  to 
death,  anesthetized  with  ether,  bled  by  cordiac  puncture,  and  the  blood 
placed  into  heparinized  tubes.  Hematocrits  were  done  by  the  microhematocrit 
technique  and  blood  smears  also  were  made. 


R3C  suspensions  were  prepared  by  removing  the  plasma  by  centrifugation, 
washing  the  cells  3  times  in  Krebs-Ringer-phosphate  buffer,  pH  7.4, 
discarding  the  buffy  coat  and  top  layer  of  the  washed  packed  RBC1 5,  and 
resuspending  the  washed  packed  RBC' s  with  buffer  in  a  1 :1  proportion.  An 
amount  of  0.2  ml  of  cells  from  a  pool  of  blood  from  several  animals  was  used 
in  each  incubation  flask.  Each  flask  contained  22,200  dpm  of  l-  4C-glucose 
(S.A.  1.79  millicurie/mmole)  in  Krebs -Ringer-  phosphate,  pH  7.4  with  o  total 
volume  of  3.0  ml.  Hemolysates  were  prepared  by  substituting  water  for  the 
buffer.  Cofactors  were  added  in  the  amounts  previously  indicated.  Red 
blood  cells  from  PF  rats  were  obtained  at  zero  time  only  but  otherwise  treated 
the  same. 


Table  I  summarizes  the  results  of  intact  RBC' s  and  RBC  l^emolysate  obtained 
from  GF  rats  on  -FA  and  +FA  diets.  The  production  of  aZC>2  at  zero  time  and 
at  6,  24  and  72  hours  after  the  start  of  folic  acid  repletion  is  represented  as 
the  mean  percent  of  the  initial  radioactivity  with  and  without  the  added  thiamine, 
riboflavin  and  folic  acid.  At  zero  time  the  experimental  (-FA)  intoct  KBC*s  and 
its  control  (+FA)  intact  RBC1  s  did  not  stimulate  with  any  of  the  added  cofactors 
including  folic  acid,  though  the  level  of  activity  of  the  control  (+FA)  intact 
RBC1*  was  somewhat  higher  than  that  for  the  experimental  (-FA)  intact  RBC1  s. 
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TABLE  i 


The  production  of  from  1-^C  glucose  by  intact  and  hemalyzed 

red  blood  cells  of  germfree  rats  depleted  and  rcpleted  of  folic  acid. 


Intact  RBC' s 

RBC  Memo 

lysate 

additions 

GF  (-FA) 

GF  (+FA) 

GF  (-FA) 

GF  (+FA) 

none 

11.1 

17. 3 

20.0 

30.2 

zero 

14.1 

18.2 

15.3 

20.3 

time 

*2 

12.5 

18.5 

40.3 

43.8 

FA 

12.1 

18.1 

36.0 

43.6 

6  hrs. 

none 

12.5 

12.3 

18.3 

10.2 

after 

B1 

13.2 

12.7 

23.9 

23.6 

Intubation 

B2 

13.2 

12.7 

40.1 

42.5 

with  FA 

FA 

13.4 

14.2 

33.4 

16.2 

24  hrs. 

none 

8.6 

13.4 

5.9 

7.6 

after 

B1 

8.6 

13.2 

12.2 

33.5 

intubation 

B2 

9.3 

13.7 

42.3 

37.9 

with  FA 

FA 

10.6 

14.2 

6.2 

37.7 

f  ^ 
l  K 

none 

17,2 

15.8 

19.0 

16.1 

after 

17.6 

16.9 

34.3 

25.5 

intubation 

*2 

17.1 

15.9 

51.5 

53.5 

with  FA 

FA 

20.4 

19.1 

33.6 

27.2 

Values  dre  given  as  the  percent  of  initial  radioactivity  recovered  as  COj. 
The  initial  amount  of  1  -^C-glucose  used  was  22,200  dpm.  150/jg  folic  acid 
added  to  each  flash. 

A  volume  of  U.  2  ml .  of  a  1 :1  diluted  packed  red  blood  cells  was  used  per 
flesh. 
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At  6,  24  and  72  bouts  the  Intact  GF  RBC1  s,  both  -FA  and  rFA,  did  not 
stimulate  with  ahy  of  the  added  cofdctors,  Including  folic  acid  though  the 
Idtter  al  72  hours  did  stimulate  slightly  more  than  without  the  cofactors.  The 
Intact  GF  RQC's  appeared  to  be  quite  resistant  to  dietary  folate  deficiency 
even  though  [ejunal  glycolytic  enzymes  were  quite  sensitive  to  folate  deficiency 
and  repletion. 

Results  with  and  without  the  various  cofactot?  at  zero  time  were  very  similar 
for  the  RBC  hemolysates  obtained  from  both  experimental  (-FA)  and  its  control 
(4-FA)  GF  rah.  At  6  hours  after  folic  actd  repletion  the  RBC  hemolysate  from 
the  -FA  rats  still  responded  k)  added  folic  dcld;  while  the  4  FA  GF  rat  RBC 
hemolysate  did  not.  At  this  point  thiamine  increased  the  PPP  activity  in  hemo- 
lysdtes  From  both  groups.  At  24  hours  the  RBC  hemolysates  without  cofactors, 
both  -FA  and  +FA,  had  decreased  ?PP  activity;  however,  at  this  time  the  RBC 
hemolysates  from  the  experimental  group  (-FA)  responded  poorly  to  thiamine 
and  folic  acid  though  still  responding  to  riboflavin;  whereas  control  (4- FA)  RBC 
hemolysate  respsnded  to  all  3  cofactors.  At  72  hour?  the  experimental  (-FA) 
RBC  hemolysdte  was  responsive  to  all  3  cofoctors  while  the  control  (+FA)  RBC 
hemolysdte  lost  most  of  the  capability  to  respond  to  thiamine  and  folic  acid. 

Table  II  compares  the  results  obtained  at  zero  time  for  the  GF  and  PF  rat  RBC*  s, 
both  intact  and  hemolysate,  with  and  without  folic  acid  addition.  When  the 
activity  of  (ejunol  enzymes  of  folate  deficient  rats  was  significantly  decreased 
at  this  time  and  the  plasma  folate  level  was  significantly  lower  In  rats  on  a 
foldte  deficient  diet  as  compared  to  the  folate  complete,  the  PPP  of  the  Intact 
R3C’ s  from  both  -FA  and  +-FA  GF  rats  was  not  stimulated  with  l50>ug  of  added 
folic  dcld;  while  the  Intact  RBC*  s  from  -FA  and  4-FA  PF  rats  were  stimulated. 
Hemolysates  of  GF  and  PF  rat  RBC‘s  had  Increased  PPP  activity  with  added 
folic  acid,  with  the  greater  Increase  seen  In  RBC  hemolysates  from  both  GF 
and  PF  rah  on  the  folic  acid  deficient  diet.  No  anemia  or  megafoblartosis 
was  seen  In  these  rah. 
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TABLE  II 


14 

Comparison  of  the  1-  C-Glucose  Metabolism  Between  Intact 
and  Hemolyted  Red  Blood  Cells  of  Germfree  and  Pathogen-free 
Rats  on  a  Folic  Acid  Deficient  Diet* 


-FA 

Diet 


it 


Intact  RBC1  s  RBC  Hemolysate 


additions 

GF 

PF 

GF 

PF 

none 

ll.l 

11.9 

10.4 

FA 

12.1 

3). 2 

36.0 

3B.1 

none 

17.3 

12.8 

30.2 

26.3 

FA 

18.1 

27.3 

43.6 

30.3 

Values  are  given  as  the  percent  of  Initial  radioactivity 
recovered  as  ^CO^.  The  Initial  amount  of  1 -^C-glucose 
used  was  22*200  dpm.  l50yug  folic  acid  added.  A  volume 
of  0. 2  ml  of  a  1 :1  diluted  packed  red  blood  cells  was  used 
per  flask. 


Nutritional  and  Metabolic  Aspects  of  Nutrients  (Coat'd) 
CONCLUSIONS: 


From  these  results  it  is  concluded  that  Intact  RBC's  obtained  From  folate 
deficient  OF  rats  ore  guile  resistant  to  the  folate  deficiency  even  at  a 
time  when  |e|unal  glycolytic  entymes  had  decreased  activity.  Repletion 
with  folic  acid  led  to  little  or  no  change  In  the  RBC  PPP  activity  In  the 
Intact  OF  cells,  even  though  |e|unal  glycolytic  entyme  activities  Increased, 
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STUDY  NO.  6 

PROBLEM: 


Effect  of  a  nickel-low,  arginine- 
high  diet  on  chicks . 


Nickel  has  been  shown  to  occur  consistently  In  plant  and  animal  tissues . 
Schroeder  et  al .  (J.  Chron.  Dis.,  15,  51  (1 9611)  have  discussed  the  possibility 
that  nickel  may  be  an  essential  element  playing  u  physiological  vole  in  the 
animal  body.  Among  their  reasons  For  this  possibility  were:  l)  It  shows  biological 
activity  in  vitro ,  affecting  cerlaln  entymes,  2)  It  Is  present  In  plants  and 
animals  Including  the  new  born,  3)  the  existence  of  Intestinal  or  hepatic 
barriers  are  Implied,  4)  It  has  little  tendency  to  accumulate  in  tissues  during  a 
lifetime  of  exposure,  and  5)  some  evidence  For  o  role  In  pigmentation  has 
been  presented k  Several  Investigators  hove  attempted  to  establish  nickel  to 
be  on  essential  element,  employing  methods  of  special  diets,  isotopic  tech¬ 
niques,  and  nickel  toxicity  studies.  None  of  these  hove  resulted  In  definitive 
results  Indicating  that  nickel  con  ploy  a  biological  role  In  vivo  ,  Studies 
were  Initiated  to  determine  whether  or  not  nickel  has  a  physiological  tale  in 
the  chick. 


Nutritional  and  Metabolic  Aspects  of  Nutilents  fCont’d) 
RESULTS  AND  DISCUSSION  OF  THE  RESULTS-. 


Two  experiments  were  conducted  with  day-old  White  Rock  chicks  without 
segregation  according  to  sex.  The  birds  were  distributed  at  random  Into 
groups  of  3  each  In  experiment  1,  and  4  each  In  experiment  2,  and  placed 
in  a  plastic  cage  fabricated  In  a  manner  similar  to  that  desctlb^d  by  Schwarts 
and  Smith  (J.  Nutr.  93f  182,  (1967)).  Three  of  these  eager  were  placed  Into 
an  all  plastic  isolator.  These  Isolators  were  kept  In  a  room  in  which  the 
temperature  range  was  29°  to  32°C. 

The  chicks  In  one  Isolator,  9  In  experiment  I  and  12  In  experiment  2,  were 
fed  a  diet  containing  <0.08  ppm  nickel  on  air  ah -dried  basis  (determined  by 
atomic  absorption  spectrophotometry).  A  control  group  of  chicks  of  the  some 
site  in  each  experiment  was  fed  the  same  d let  supplemented  with  5  ppm 
nickel  as  NlCU.  The  diets  used  are  described  In  Tables  I  and  2,  Tbe  diet 
In  experiment  2  had  corn  oil  added  to  make  It  less  hygroscopic.  Additional 
arginine  was  added  os  It  has  been  shown  that  high  levels  of  dietary  arginine 
can  affect  a  mineral  deficiency.  Also,  additional  vlfamln  C^was  added  to  tbe 
vitamin  mix  In  experiment  2,  Feed  and  glass-dlstllted  water  were  provided 
ad  libitum  In  polypropylene  cups  made  from  Erlenmeyer  flasks, 

When  the  chicks  v/ere  3  weeks  of  age,  5  chicks  from  each  Isolator  were 
given  20jjC.I  of  ^Nl  by  gavage  In  the  first  experiment,  and  9  chicks  from 
each  Isolator  were  given  25/rCI  of  *^Ni  by  gavage  In  tbe  second  experiment . 
Radioactive  nickel  as  ^NlCl^,  In  1  NHCI,  was  diluted  with  distilled 
water  to  give  a  stock  solution  of  either  20  or  25juCI  °^NI/ml .  Since  the 
specific  activity  of  the  nickel  was  approximately  5  Cl/'jg,  the  doses  were 
equivalent  to  approximately  4  and  5>rg  of  nickel,  respectively. 

In  experiment  1 ,  3  chicks  from  each  group  were  killed  6  hours  after  Isotope 
administration;  2  chicks,  24  hours  offer  Isotope  administration .  In  experiment 
2,  3  chicks  From  each  group  were  killed  at  6,  24  and  48  hours  after  isotope 
administration,  All  chicks  were  weighed,  observed  for  abnormalities,  and 
killed  by  decapitation.  Blood  was  collected  In  a  centrifuge  tube  containing 
0. 1  ml  of  heparin  (100  units) .  A  portion  of  the  blood  was  separated  info 
plasma  and  red  blood  cells  fractions  by  centrifugation.  Other  tissues 
removed  Included  tibia,  kidney,  spleen,  liver,  duodenum,  gUtard,  lung, 
muscle,  skin,  heart,  aorta  and  feather,  All  tissues  were  froten  until 
analyses  could  be  made ,  length  and  width  measurements  of  the  tlbtas  were 
determined  by  removing  the  Flesh  From  the  bone  by  rubbing  with  cheesecloth 
and  measuring  the  smallest  diameter  and  the  largest  length  with  calipers » 
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In  both  experiments,  the  level  of  nickel  in  the  diet  had  no  signilicant 
effect  on  the  final  average  body  weight  of  the  chicks ,  The  giowth  of  the 
chicks  was  not  considered  fully  normal  In  either  experiment .  This  wen 
attributed  to  the  hygroscopic  nature  of  the  diet  In  experiment  I  and  to  the 
fact  that  some  of  the  chicks  showed  signs  of  salmonella  infection  in  experi¬ 
ment  2.  Also,  In  both  experiments,  the  chicks  were  not  kept  at  an  optimum 
environmental  temperature  due  to  the  use  of  Isolation  equipment. 

In  both  experiments,  the  level  of  nickel  in  the  diet  resulted  in  diUeunces 
In  gross  appearances  of  the  chicks .  It  appeared  as  if  nickel  had  on  effect  on 
the  pigmentation  of  the  legs,  and  to  a  lesser  extent,  beaks  of  the  chicks  The 
chicks  which  were  fed  the  nickel-low  diet  had  o  bright  gold  coIch  in  these 
areas.  In  comparison,  the  chicks  which  were  fed  supplemental  nickel  had  a 
darker  gold  color  with  a  brown  cost  in  their  legs  and  beaks.  Another  difference 
which  was  noted  was  in  the  leg  development  of  the  chicks .  The  chicks  fed  the 
nickel-low  diet  had  slightly  thickened  legs,  and  a  larger  joint  area  which 
appeared  swollen  when  compared  to  those  chicks  fed  supplemental  nickel  . 

The  leg  development  in  the  nickel -low  chicks  wos  probably  abnormal  as 
these  chicks  appeared  to  Walk  with  a  stlffcr  gait  and  seemed  to  squat  more 
often  than  those  fed  the  supplemental  nickel .  In  both  criteria,  leg  develop¬ 
ment  and  pigmentation,  the  differences  were  more  dramatic  when  the  chicks 
Were  fed  diet  2  which  contained  the  higher  arginine  level . 


Table  3  shows  that  the  length-width  ratios  of  the  chicks  fed  the  nickel  low 
diet  were  significantly  decreased  when  compared  to  those  fed  the  supple¬ 
mental  nickel,  thus  giving  further  evidence  that  the  leg  bones  in  the  nickel - 
low  chicks  were  thicker. 
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The  \esults  of  the  Ni  distribution  study  are  presented  in  tables  4  and  5 . 

The  amount  of.  isotope  retained  per  gram  of  tissue  varied  greatly  among  »he 
■  issues  analysed,  because  of  the  variability  and  low  number  of  degrees  of 
freedom,  few  significant  differences  were  found.  In  ewjeriment  2,  the  nickel  - 
law  chicks  retained  a  significantly  greater  amount  of  ^Ni  in  the  bone, 
liver,  spleen,  and  aorta  P  hours  after  administration  of  the  isotope ,  Tbe 
isotope  concentration  was  still  significantly  higher  in  the  bone  at  the  48 
hour  time  period.  In  contrast,  the  nickel-low  chicks  had  significantly  less 
Isotope  in  the  giliard  lining  at  the  6  and  24  hour  time  periods.  There  also 
appeared  to  be  less  retention  of  ^Ni  in  the  heart  muscle  at  the  48  hour 
time  period.  In  experiment  I,  in  which  the  chicks  were  not  fed  arginine. 


two  significant  differences  were  noted.  At  the  24  hour  time  peiiod,  the 


nickel-low  chicks  appeared  to  retain  a  greater  amount  of  isotope  in  the 


primary  spongiosa  of  the  bone  and  in  the  feather .  In  both  groups,  several 
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tissues  took  up  relatively  large  amounts  of  Ni,  including  the  bone,  primary 
spongiosa,  kidney,  liver  and  aorta  at  the  6  hour  time  period.  A  large  amount 
of  isotope  was  still  found  in  the  bone,  kidney,  and  liver  48  hours  after  isotope 
administration.  On  the  other  hand,  very  little  ^Ni  was  found  in  the  muscle, 
blood,  red  blood  cells,  and  plasma  after  the  6  hour  time  period. 

From  the  preceeding  results,  it  appears  that  nickel  may  have  a  physiological 
role  in  chicks  in  respect  ta  pigmentation  and  leg  structure.  Kikkawa  et  al . 
(Science,  121,  43,  1955)  proposed  an  hypothesis  that  color  depended  upon 
specific  metaTs.  They  showed  that  in  rabbit  hairs,  yellow  contained  nickel, 
titanium,  iron  and  molybdenum  and  white  contained  nickel.  From  their  in 
vitro  indirect  evidence,  they  concluded  that  nickel  is  important  in  white 
pigmentation.  In  vivo  evidence  that  nickel  plays  a  role  in  pigmentation  in 
chicks  has  been  described  in  the  preceeding  results.  These  results  shaw  that 
the  level  of  nickel  in  the  diet  can  affect  the  yellow  color  af  the  chick  legs 
and  beak. 

Othe:  investigators  have  tried  ta  find  abnormalities  in  rats  and  mice  fed 
nickei-low  diets.  Growth  rate  was  one  criterion  most  closely  watched  in 
these  studies.  With  chicks,  no  significant  difference  in  growth  rate  was 
noted.  Flowever,  nickel  appears  to  have  an  effect  on  bone  formation.  Nai 
only  did  the  chicks  appear  to  have  thickened  legs  and  swollen  hocks,  the 
lengthiwidth  ratios  af  the  tibias  from  nickel-low  chicks  were  significantly 
less  than  those  fed  the  nickel-high  diet.  The  fact  that  leg  abnormalities  have 
not  been  noted  in  rats  ar  mice  by  previous  workers  is  not  surprising.  Leg 
abnormalities  normally  occur  in  chicks  fed  zinc-deficient  ar  manganese  def¬ 
icient  diets,  whereas  rats  fed  either  of  these  types  of  diets  usually  show  no 
gross  leg  defects.  Perhaps  a  similar  phenomenon  occurs  with  nickel. 

Due  to  the  limitations  in  the  method  of  nickel  determination,  the  level  of 
nickel  in  the  nickel-low  diet  is  reported  as  <Q.C8  ppm.  From  the  data 
presented,  it  appears  that  the  diet  used  was  low  enough  In  nickel  to  shaw 
that  nickel  probably  does  have  a  physiological  role  in  the  chick.  If  the 
symptoms  described  are  indications  of  a  nickel  deficiency  in  chicks,  the 
deficiency  is  probably  borderline.  A  high  level  of  arginine  in  the  diet 
appears  ta  enhance  the  borderline  symptoms.  Further  attempts  are  being 
made  to  find  a  diet  lower  in  nickel  than  the  one  presently  in  use. 

It  is  alsa  hoped  that  the  exact  level  of  nickel  in  the  nickel-law  diet  can 
be  determined.  Then,  the  level  of  nickel  needed  to  prevent  any  changes 
in  pigmentation  and  leg  structure  can  be  ascertained. 
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Nutritional  and  Metabolic  Aspects  of  Nutrients  (Cont1  d) 
CONCLUSIONS: 


Studies  were  conducted  to  determine  whether  or  not  nickel  plays  a  physiological 
role  in  the  chick.  Chicks  were  maintained  on  low  nickel  diets  (<0.08  ppm) 
and  administered  ^Ni.  Chicks  fed  nickel-low  diets  were  observed  to  have 
(a)  changes  in  the  pigmentation  of  the  legs,  and  to  a  lesser  extent,  the  beak, 
and  (b)  to  have  legs  with  slightly  swollen  hocks  and  thicker  bones.  The  length: 
width  ratio  of  the  tibigs  significantly  decreased  in  the  chicks  fed  the  nickel-low 
diets.  Retention  of  0,5Ni  at  the  6  hour  time  period  after  administration  was 
greater  in  the  bone,  aorta,  and  liver  of  the  chicks  fed  the  low-nickel  diet 
than  in  the  nickel  supplemented  chicks.  From  the  results,  it  appears  that 
nickel  has  a  physiological  role  in  the  chick. 
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Nutritional  and  M^iholic  Aspects  of  Nutrients  (Cont'd) 

TABLE  1 

Diet  Used  in  Experiment  I 


Ingredient _ _ _ G 


Skim  milk  powder 

500.0 

Corn  meal,  degerminated,  enriched,  yellow 

475.1 

Arginine 

3.5 

Glycine 

10.0 

n 

Vitamin  mix  ° 

1.0 

Mineral  mix^ 

10.4 

TOTAL 

1000.0 

1.  Nutritional  Biochemicais  Corp.,  Cleveland,  Ohio. 

2.  The  Quaker  Oats  Co.,  Chicago,  Illinois, 

3.  The  vitamin  mix  contained:  (in  mg)  vitamin  A  palmitate  (250,000  lU/g),  4.0; 

DL  alpha  tocopherol,  powder  (250  lU/g),  4.0;  menadione,  0.5;  pyridoxine  ■  HCI,  1.0; 
folic  acid,  0.9;  and  corn  meai,  9896.0. 

4.  The  mineral  mix  contained:  (in  g)  Cag^O^,  8.75;  NaCI,  1.5;  MnCOj ,  0.125; 
ZnO,  0.025;  Kl,  0.0005. 
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Nutritional  and  Metabolic  Aspects  of  Nutrients  (Cont'd) 


TABLE  2 

Diet  Used  in  Experiment  2 


Ingredient _ _ _ _ G 


Skim  milk  powder 

500.0 

Corn  meal,  degerminated,  enriched,  yellow  ^ 

419.6 

Arginine 

30.0 

Glycine 

10.0 

Vitamin  mix  ^ 

10.0 

Mineral  mix  ^ 

10.4 

Corn  oil 

20.0 

TOTAL 

1000.0 

I .  and  2.  -  See  Table  I , 

3.  The  vitamin  mix  contained:  (in  mg)  vitamin  A  palmitate  (250,000  lU/g),  4.0; 

DL  alpha  tocopherol,  powder,  (250  lU/g),  4 .0;  menadione,  0.5;  pyridoxine •  HCI,  1.0 
folic  acid,  0.9;  vitamin  Dj  (40,000,000  iU/g),  0. 01;  and  corn  meal,  98,960.0. 

4.  The  mineral  mix  as  described  in  Table  I . 
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Nutritional  and  Metabolic  Aspects  of  Nutrients  (Cant'd) 


TABLE  3 

Body  Weights  and  Tibia  Length-to-Width  Ratios  of  Chicks  Fed  Different  Levels  of  Nickel 


Experiment 

Dietary 

Nickel 

Body 

Weights  ^ 

Length/Width 
Ratio  af  Tibia 

ppm 

9 

1 

0.06  3 

130  a  4 

— 

1 

5.00 

I2ff 

— 

2 

0.08 

I2la 

17.62° 

2 

5.00 

109° 

I8.38b 

1 .  Mean  af  5  chicks  in  experiment  I,  and  10  chicks  in  experiment  2. 

2.  Body  weights  were  taken  at  3  weeks. 

3 .  Nickel  content  by  analysis  of  diet  with  no  supplemental  nickel . 

4 .  Values  followed  by  the  same  letters  within  a  given  experiment  are  not  significantly 
different  (P  >  0.10)  from  each  other. 
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Nutritional  and  Metabolic  Aspects  of  Nutrients  (Cont’d) 

TABLE  4 


Distribution  of  ^Ni  in  Selected  Tissues  at  Time  Intervals  After  a  Single 

(Exp.  1) 

Hours  After  Dose 

Oral  Dose 

61 

242 

Ni  low^ 

Ni  high4 

Ni  low 

Ni  high 

Bone 

0.049 

%  dose/g  fresh  tissue 

0.018  0.02? 

0.007 

Epiphyseal  plate 

0.023 

0.008 

0.006 

0.002 

Primary  spongiosa 

0.028 

0.012 

0.010  5 

0.003 

Blood 

0.024 

0.066 

0.018 

0.011 

Duodenum 

0.073 

0.170 

0.026 

0.024 

Kidney 

0.140 

0.090 

0.373 

0.043 

Spleen 

0.008 

0.021 

0.016 

0.016 

Liver 

0.025 

0.013 

0.033 

0.006 

Lung 

0.021 

0.028 

0.084 

0.022 

Muscle 

0.004 

0.004 

0.002 

0.002 

Skin 

0.032 

0.020 

0.010 

0.017 

Heart  +  Aorta 

0.031 

0.014 

0.010 

0.003 

Feather 

0.041 

0.052 

0.028 5 

0.011 

Gizzard  lining 

0.261 

0.357 

0.009 

0.024 

1.  Mean,  3  animais/group. 

2.  Mean,  2  animais/group » 

3.  Nickel  low  indicates  those  chicks  fed  the  basal  diet  containing  <0.08  ppm  nickel 
on  an  air  dried  basis . 
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Nutritional  and  Metabolic  Aspects  of  Nutrients  (Cont'd) 

Table  4  (cont'd ,) 

4,  Nickel  high  Indicates  those  chicks  fed  the  basal  diet  with  a  supplemental  5  ppm 
nickel . 

5.  Value  Is  significantly  different  than  the  comparable  value  for  the  nickel  high 
group  within  the  same  time  period .  (P  <  0  JO) . 


266 


Nutritional  and  Metabolic  Aspects  of  Nutrients  (Cant'd) 

TABU  5 

Distribution  of  ®^Nl  In  Selected  Tissues  at  Time  Intervals  After  a  Single  Oral  Dose 

£*P.  2) 

Hours  After  Dose 


6  2*  48 


Ni  low* 

Ni  high2 

Ni  low 

Ni  high 

Ni  low 

Ni  high 

%  dose/g  fresh  tissue^ 

Bone 

0.296* 

0.128 

0.101 

0.076 

0.098* 

0.041 

tplphyseal  plate 

0.102 

0.070 

0.023 

0,024 

0.015 

0.017 

Primary  spongioid 

0.134 

0.072 

0.034 

0.023 

0.029 

0.024 

Hyaline  cartilage 

0.0% 

0.043 

0.017 

0.014 

0.016 

0.008 

Blood 

0.041 

0.035 

0.004 

0.005 

0.002 

0.002 

Red  blood  cells 

0.021 

0.015 

0.002 

0.002 

0.002 

0,001 

Plasma 

0.054 

0.044 

0.004 

0.006 

0.003 

0.002 

Duodenum 

0.035 

0.044 

0.008 

0.008 

0.006 

0.005 

Kidney 

0.609 

0.292 

0.291 

0.073 

0.193 

0.141 

Spleen 

0.044* 

0.023 

0.021 

0.020 

0.017 

0.010 

Liver 

0.I034 

0.042 

0.062 

0.039 

0.069 

0.035 

Lung 

0.052 

0.030 

0.012 

0.011 

0.019 

0.010 

Muscle 

0.018 

0.017 

0.003 

0.004 

0.003 

0.003 

Skin 

0.051 

0.048 

0.019 

0.022 

0.023 

0.023 

Aorta 

0.157* 

0.053 

0.026 

0.016 

0 .021 

0.025 

Heart  Muscle 

0.020 

0.029 

0.016 

0.023 

0.009* 

0.052 

Leather 

0.032 

0.035 

0.040 

0.049 

0.064 

0.046 

Olifcard  lining 

0.102* 

0.196 

0.008* 

0.016 

0.006 

0.005 

28? 


J 


Nuitltloool  ood  Metabolic  Aspects  of  Nottlents  (Coot'd) 


Teble  5  cootiooed 

1  „  Nickel  low  lodleotes  those  chicks  fed  the  bosel  diet  cootoiolop  <0k0B  ppm 
olckel  oo  oo  olr-«Med  basis  t 

2  „  Nickel  high  Indicates  those  chicks  fed  the  basal  diet  supplemented  with 
5  ppm  olckel  k 

d.  Meao,  3  onlmals/pnoop, 

4,  Value  is  slgolflcently  different  than  the  comparable  value  for  the  nickel 
high  group  within  the  some  time  period  (P  < 0.10). 
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Analytical  Biochemistry  (Cont1  d) 
CONCLUSIONS: 


Improvements  and  additions  to  the  computer  and  data  acquisition  systems  increase 
capacities  for  analytical  procedures  and  data  handling,  while  eliminating  certain 
time-consuming  steps.  This  permits  an  increase  in  services  provided  as  well  as 
time  for  performing  and  evaluating  manual  method;  of  analysis,  overall  procedure 
appraisal  and  method  development. 

RECOMMENDATIONS: 

The  data  acquisition  systems  should  be  continually  reviewed  with  the  object  of 
obtaining  maximum  performance  to  allow  increasing  capacity  in  an  efficient 
manner.  This  should  be  augmented  by  further  implementation  and  improvement 
of  automated  analytical  methods,  and  improvement  of  the  overall  sample-results 
record  keeping  procedure  to  minimize  back-log  accumulation  while  broadening 
services.  Personnel  training  should  be  included  as  an  integral  part  of  the  pro¬ 
gram  to  maintain  and  improve  efficiency  of  services. 


STUDY  NO.  2  Development  of  analytical 

biochemistry  procedures 

PROBLEM: 


In  order  to  furnish  required  support  of  increasingly  sophisticated  and  complex 
lesearch  approaches,  analytical  methods  and  systems  must  be  developed  as 
specific  needs  arise.  Adaptation  of  manual  methods  to  automation  must 
continually  be  investigated  to  achieve  the  degree  of  efficiency  required  for 
processing  increased  sample  numbers. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


1.  An  automated  method  for  vitamin  C  levels  in  blood  has  been  developed, 
refined  and  implemented  for  analysis  of  survey  samples.  It  involves  a  preliminary 
manual  protein  precipitation,  and  mav  be  performed  on  serum  or  heparin 
plasma  samples  (volumes  down  to  100  microl iters)  in  which  it  adequately 

covers  the  normal  range  of  0. 2-2.0  mg/100  ml.  It  was  discovered  that  the 
method  will  not  work  with  EDTA  plasma  samples. 

2.  An  automated  procedure  has  been  modified  for  determining  serum  iron  content 
and  total  iron-binding  capacity  after  manual  saturat'on  and  absorptive  removal 
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of  excess  iron.  Iron  is  determined  colorimetrically  in  0.8  ml  sample  volume 
at  the  rate  of  40  samples  per  hour  using  bathophenanthroline  sulfonate  as  the 
chromagen  (with  slight  changes  from  the  method  of  Giovanniello  et  ai.). 

3.  The  system  of  analyses  for  evaluation  of  human  lipid  profiles  was  further 
refined  with  particular  attention  to  lipid  phosphorus  determination.  The 
automated  analysis  for  low  concentrations  of  inorganic  phosphate  of  Kirsch 

et  al.  was  adapted  for  use  in  this  system  to  overcome  a  yield  deficiency  inherent 
to  the  previously  used  method. 

4.  Preliminary  modification  of  standard  components  used  in  the  enzyme  analytical 
system  have  been  initiated.  Included  is  customization  of  the  macro  sampler 

with  installation  of  a  bath  chamber  and  sample  tube  holders,  alteration  of  the 
total  cycle  timer  and  sampling  syphon,  and  connections  to  a  digital  integrator. 

CONCLUSIONS: 


Modifications  and  improvements  in  methodology  increase  the  capacity  and  efficiency 
of  the  laboratory,  and  also  the  reliability  of  test  results. 

RECOMMENDATIONS: 

Development  of  manual  methods  and  particularly  methods  capable  of  automation 
and  use  with  data  acquisition  system  should  be  continued  since  they  are  essential 
to  the  maintenance  of  laboratory  efficiency  and  expansion  of  capacity,  and 
subsequently  enable  the  broadening  of  research  programs. 

PUBLICATIONS: 

None. 
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ABSTRACT 


PROJECT  NO.  3A062 1 10AS222  Military  Internal  Medicine 
WORK  UNIT  NO.  077  Nutritional  Physiology 


The  following  investigations  have  been  conducted  or  initiated  under 
this  work  unit  during  the  past  year: 


STUDY  NO.  1:  Renal  and  Liver  Gluconeogenesis  in  Cold 
Exposed  Rats  (Further  Experiments) 

STUDY  NO.  6:  Metabolic  Effects  of  Starvation- Rcfceding 
Stress  in  Swine 


STUDY  NO.  7: 


Kidney  Response  to  a  High  Protein  Intake 
to  Cold  in  the  Rat 


STUDY  NO.  8:  Metabolic  Effects  of  Glucagon  and  Adrenaline 
in  Geese  and  Dogs 

(Studies  No.  2-5  were  reported  in  previous  Annual  Reports) 


Exposure  of  animals  to  a  cold  environment  is  associated  with  a  severe 
loss  of  body  weight.  This  loss  reflects  the  negative  caloric  balance 
induced  by  the  environment.  These  gross  metabolic  effects  of  cold 
exposure  are  accompanied  by  enhanced  activities  of  enzymes  involved 
in  gluconeogenesis.  Compared  with  the  corresponding  controls,  cold 
exposure  for  two  days  causes  an  increase  in  the  activities  of  glutamic- 
pyruvic  and  glutamic- oxalacetic  transaminases,  glucose-6-  and 
fructose- 1,  6-phosphatases  and  phosphoenolpyruvate  carboxykinase. 
These  changes  were  observed  in  fed  animals  and  in  animals  fasted 
for  48  hours.  After  eight  days'  cold  exposure  the  activities  of  these 
enzymes  had  increased  even  further,  but  thereafter,  their  activities 
remained  relatively  constant. 

Lipogenesis  and  gluconeogenesis  were  studied  during  both  starvation 
and  realimentation  of  adult  male  swine  previously  starved  for  periods 
up  to  28  days.  Enzyme  activities  associated  with  glucv..eogenesis 
were  markedly  increased  during  the  starvation  period.  In  contrast, 
lipogenesis  was  minimal  during  starvation  but  increased  during 
realimentation.  These  metabolic  alterations  are  accompanied  by 
systemic  and  pulmonary  hypertension. 

Experiments  dealing  with  glucagon  and  adrenaline  on  the  oxygen 
consumption  and  free  fatty  acid  turnover  in  dogs  and  geese  have 
been  started. 
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WORK  UNIT  NO.  077  Nutritional  Physiology 

STUDY  NO.  1  Renal  and  Liver  Gluconeogenesis 

in  Cold- Exposed  Rats 

PROBLEM: 

When  animals  are  first  exposed  to  cold  they  must  increase  their  rate 
of  heat  production,  primarily  by  shivering,  to  compensate  for  an 
increased  rate  of  heat  loss.  For  several  days  they  are  not  able  to 
balance  the  caloric  demands  of  the  environment  with  an  elevated 
caloric  intake.  In  a  sense,  therefore,  these  animals  are  in  a 
negative  caloric  state  relative  to  their  pre- exposure  status:  if  they 
are  growing  animals,  growth  ceases;  if  they  are  adult  animals,  they 
lose  weight.  Thus,  it  would  appear  that  during  this  acute  stage  of 
cold  exposure  metabolic  activity  is  primarily  directed  toward  main¬ 
taining  the  body  thermal  state  at  the  expense  of  other  less  vital 
functions.  The  inadequate  caloric  intake  and  the  consequent  loss 
of  tissue  glycogen  during  acute  exposure  might  promote  alterations 
in  intermediary  metabolism  which  would  favor  an  improved  capacity 
for  the  oxidation  of  body  lipid  and  protein.  In  addition,  since  carbo¬ 
hydrate  is  an  important  substrate  in  the  metabolism  of  many  tissues, 
we  might  also  expect  an  improved  capacity  for  gluconeogenesis. 
Accordingly,  activities  of  several  hepatic  gluconeogenic  enzymes, 
in  vitro  hepatic  ^C02  fixation,  and  in  vitro  renal  gluconeogenesis 
were  measured  in  rats  exposed  acutely  or  chronically  to  cold.  In 
addition,  concentrations  of  blood  glucose  plus  liver  and  muscle 
glycogen  in  these  animals  were  also  determined. 

RESULTS  AND  DISCUSSION: 

Male,  Holtzman  rats,  ranging  in  weight  from  340  -  360  gm  were 
used  in  all  experiments.  The  control  animals  were  maintained  at 
25*1°  C,  the  cold  exposed  animals  at  5±1°  C  for  periods  up  to  30 
days.  A  commercial  rat  diet  and  water  were  available  ad  libitum 
to  all  animals.  Depending  upon  the  experimental  design,  some 
animals  were  subjected  to  48-hour  fasting  prior  to  experimentation, 
with  only  water  available.  At  the  end  of  the  experimental  periods, 
liver  homogenates  were  assayed  for  the  following  enzymes:  glutamic- 
oxalacetic  (GOT)  and  glutamic-pyruvic  transaminases  (GPT),  glucose- 
6-phosphatase  (GP),  fructose- 1,  6 -diphosphatase  (FP),  phosphoenol- 
pyruvate  carboxykinase  (PC). 

Compared  with  the  corresponding  controls,  cold  exposure  for  two 
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days  causes  an  increase  in  the  activities  of  GOT,  GPT,  GP,  FP,  and 
PC.  These  changes  were  observed  in  fed  animals  and  in  animals 
fasted  for  48  hours.  After  eight  days*  cold  exposure  the  activities  of 
these  enzymes  had  increased  even  further,  but  thereafter,  these 
activities  remained  relatively  constant.  A  marked  increase  in  CO2 
fixation  was  observed  in  rats  exposed  to  cold  for  two  days  and  this 
effect  was  maintained  for  periods  up  to  one  month.  Cold  exposure 
also  enhanced  the  capacity  of  kidney  cortex  slices  to  form  glucose 
from  various  gluconeogenic  precursors.  In  general,  gluconeogcnesis 
was  more  pronounced  in  both  fed  and  fasted  rats  at  5°  C  than  in  fed 
or  fasted  animals  at  25°  C. 

RECOMMENDATIONS! 

To  further  study  basic  mechanism  underlying  the  foregoing  metabolic 
alterations.  These  would  include  the  effects  of  mobilization  of  free 
fatty  acids,  along  with  increases  in  adrenalcortical  and  thyroid 
activity  on  gluconeogenic  capacity  of  cold-exposed  animals. 

STUDY  NO.  6  Metabolic  Effects  of  Starvation- 

Refeeding  Stress  in  Swine 

PROBLEM: 

It  is  well  known  that  the  enzyme  profile  of  the  cell  can  be  drastically 
changed  by  a  great  variety  of  dietary  stimuli.  For  example,  activi¬ 
ties  of  several  hepatic  gluconeogenic  enzymes  increase  during  starva¬ 
tion  and  decrease  to  »iai  level-  or  below  after  refeeding  with  a 
normal  diet.  Conversely,  activities  of  hepatic  and  adipose  tissue 
enzymes  involved  in  lipogenesis  decrease  during  starvation  and 
increase  above  normal  upon  refeeding.  These,  and  other  metabolic 
abnormalities  accompanying  refeeding  after  starvation  may  cause 
physiological  stresses  to  become  manifested  either  acutely  or  chron¬ 
ically.  Since  the  domestic  pig  is  biologically  related  to  man  in  body 
and  skeletal  size,  G.  I.  tract,  choice  of  diet,  etc.,  this  species  was 
chosen  to  study  the  effects  of  starvation  and  refeeding  after  starvation 
on  a  number  of  physiological  and  biochemical  parameters. 

RESULTS  AND  DISCUSSION: 

Fifty  male  pigs,  weighing  100±15  lbs.  were  used.  The  animals, 
housed  in  individual  pens,  were  divided  into  three  treatment  groups, 
as  follows:  1.  controls  -  fed  ad  libitum;  2.  starved  -  for  periods  of 
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time  up  to  2S  days  with  only  water  available;  3.  starved-refed, 
starved  for  28  days  and  refed  for  periods.,  of  time  up  to  16  davs. 

The  control  and  refed  animals  were  fed  a  commercial  pig  diet, 
plus  water,  on  an  ad  libitum  basis.  Prior  to  experimentation 
some  animals  were  catheterized,  and  placed  into  metabolism 
cages  to  determine  the  effects  of  starvation- refeeding  on  the 
cardiovascular  system.  At  the  end  of  the  experimental  periods, 
the  animals  were  sacrificed  and  the  following  parameters  were 
studied:  Activities  of  the  key  lipogcnic  and  gluconeogenic  enzymes 
in  liver  and  adipose  tissue  and  in  liver  and  kidney,  respectively, 
plus  in  vitro  utilization  of  glucose-U-  4C-  and  acetate-  1-l^C  by 
liver  and  adipose  tissue.  Compared  with  the  controls,  there  was 
a  gradual  and  marked  increase  in  the  incorporation  of  radioactivity 
into  glycerol  and  fatty  acid  fractions  and  in  the  lipogcnic  enzyme 
activities  throughout  the  whole  refeeding  period.  At  the  end  of  the 
16th  day,  activities  of  the  following  liver  and  adipose  enzymes, 
respectively,  were  increased  over  the  controls  (in  glucose-6- 
phosphatc  dehydrogenase  78,  1 0*>;  citrate  cleavage  87,  135;  NA DP- 
malic  dehydrogenase  98,  117;  and  a  cctvl- Co  A  carboxylase  110,  124. 
Incorporation  of  radioactivity  into  fatty  acids  increased  over  200<rc 
during  this  period.  Lapogenesis  was  minimal  at  the  end  of  the 
starvation  period.  In  contrast,  gluconcogenesis  was  maximal  after 
14  days  of  starvation.  Heart  rate  was  60  beats /min  during  the  con¬ 
trol  period,  fell  to  50  beats  /  min  during  the  starvation  period  and 
rose  on  the  4th  and  5th  day  of  the  refeeding  period  to  90  beats /min. 
During  the  same  periods,  arterial  blood  pressure  changed  from 
120/80  to  110/70  to  145/120.  Pulmonary  hypertension  developed 
during  the  refeeding  period.  Blood  volume  decreased  during  starva¬ 
tion  period  and  returned  toward  the  control  value  during  the  refeeding 
period. 

SUMMARY  AND  CONCLUSIONS: 

1.  From  Study  No.  I  -  Cold  exposure  increases  the  activities  of 
hepatic  key  gluconeogenic  enzymes  both  in  fed  and  fasted  rats.  In 
addition,  the  capacity'  of  kidney  cortex  to  form  glucose  from  various 
gluconeogenic  precursors  is  also  enhanced  under  this  environmental 
stress.  It  would  appear  that  accelerated  mobilization  of  fatty  acids 
from  adipose  tissue,  along  with  increases  in  adrenocortical  and 
thyroid  activity  promote  the  enhanced  gluconeogenic  capacity  of  the 
cold-exposed  animal. 

2.  Study  No.  6  -  Gluconeogenesis  gradually  increases  with  the 
duration  of  starvation  in  swine,  being  maximal  after  14  days  of 
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starvation  and,  thereafter,  remainipa  relatively  constant,  tn  con¬ 
trast,  lipogenesis  v.as  markedly  increased  in  animals  refed  after 
starvation.  These  metabolic  alterations  are  accompanied  by 
increased  heart  rate  and  by  pulmonary  and  peripheral  hypertension. 

R  ECOM  MENDA  TtONS: 

1.  Further  studies  are  required  to  delineate  the  causefs^  of  hyper¬ 
tension  that  develops  during  refeeding. 

2.  Various  diets  should  be  investigated  to  determine  the  relative 
influence  of  dietary  carbohydrate.  Cat  and  protein  on  the  develop¬ 
ment  and  maintenance  of  hypertension. 

STUDY  MO.  7  Kidney  Response  to  a  High  Protein 

Intake  and  to  cold  in  the  Rat 

PROBLEM: 

Marked  increases  in  kidney  sire  are  observed  in  animals  eaposed 
to  cold  or  fed  a  high-protein  diet,  tn  fact,  this  effect  or  cold  and 
diet  appears  to  be  additive,  as  evidenced  by  the  markedly  greater 
kidney  enlargement  seen  in  cold -exposed  rats  receiving  a  high- 
proteindiet  as  compared  to  those  receiving  a  high  carbohydrate 
diet.  Presumably,  the  cold- induced  or  diet- induced  enlargement 
of  the  kidneys  represents  a  compensatory  response  to  an  added 
functional  load,  tn  the  case  of  high-protein  diets,  and  probably 
in  the  case  of  cold -exposure  where  the  caloric  intake  can  be 
increased  twofold,  this  added  functional  load  may  be  caused  by 
an  increased  metabolic  turnover  of  nitrogen  in  the  body.  Accord¬ 
ingly,  experiments  have  been  designed  to  study  various  aspects  of 
intermediary  nitrogen  metabolism  as  influenced  by  both  cold  expo¬ 
sure  and  high-protein  diets,  tn  addition,  histological  changes 
associated  with  kidney  enlargement  will  be  studied  by  light  and 
electron  microscopy, 

RESULTS^ 

Experiments  are  in  progress  to  study  the  effects  of  cold  and/or 
high-protein  diets  in  rats  on  various  metabolic  pathways  which 
mediate  or  are  related  to  protein  catabolism. 


R  ECOMMENDA  TtONS: 
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1.  Complete  present  studios  to  examine  the  relationship  of  the 
responses  of  the  kidney  to  high- protein  diet  and  cold, 

2.  To  perform  renal  function  studies,  such  as  crcAtininc  clearance, 
urea  clearance*  glomerular  filtration  rate  And  renal  plasma  flow. 


STUDY  NO.  8  Metabolic  Effects  of  Glucagon  And 

Adrenaline  in  Geese  And  Dogs 

PROBLEM: 

The  differences  in  the  hormonal  control  of  carbohydrate  and  lipid 
metabolism  of  the  two  classes  of  homoiotherms  (i»c»*  birds  and 
mammals)  have  been  recognized  for  many  mars.  This  is  evident 
by  the  effects  of  glucagon  (G)  and  adrenaline  (A)  on  oxygen  uptake 
of  geese  and  dogs.  Using  unity  (1)  as  the  calorigenic  effect  in  the 
hour  after  infusion  of  5, b  pg/kg/min  of  A  into  anesthetized  dogs 
for  If)  minutes*  the  other  calorigenic  effects  of  the  same  dose  of 
A  or  G  form  the  series:  A  in  geese  =  b;  A  in  dogs  =  1;  G  in  dogs  = 

2b;  G  in  geese  =  b7*  Experiments  have  been  designed  to  analyze: 
a)  the  effects  of  a  lb -minute  infusion  of  glucagon  upon  the  oxygen 
uptake  and  plasma  free  fatty  acid  f E FA)  turnover  before  and  after 
pancreatectomy  in  dogs;  <b)  the  effects  of  a  lb -minute  infusion  of 
glucagon  and  adrenaline  on  blood  sugar*  blood  lactate*  plasma  FFA* 
and  plasma  ketone  bodies  in  geese;  and  (c)  the  effects  of  cold  acclima¬ 
tization  on  FFA  turnover  and  the  calorigenic  action  of  glucagon  in 
geese, 

RESULTS: 

Experiments  are  in  progress  studying  the  effects  of  glucagon  or 
adrenaline  infusions  in  geese  and  on  the  effects  of  glucagon  On  FFA 
turnover  in  dogs. 

R  ECOMMeXDA  TIONS: 

1,  Continue  present  studies  to  investigate  the  effects  Of  gl wagon 
and  adrenaline  in  geese  and  dogs, 
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effective  in  the  female  rats.  Parenteral  injection  of  sex  steroids  has 
no  effect  on  the  jejunal  giycoiytic  enzymes.  Folic  acid  to  be  effective 
must  be  given  orally  and  has  no  effect  when  given  parenterally. 

We  have  studied  one  patient  with  symptoms  of  diarrhea,  weakness, 
flushing,  sweating,  tremor  and  muscle  spasm.  This  patient  had  a 
very  mild  megaloblastic  bone  marrow  and  elevated  serum  folic  acid. 
It  was  proven  that  this  patient  has  formiminotransferase  deficiency 
of  the  jejunum  to  which  we  ascribe  the  gastrointestinal  symptoms. 

The  patient  has  improved  on  a  high  folic  acid,  low  carbohydrate  diet. 
We  are  currently  investigating  a  number  of  other  gastrointestinal 
problems  which  seem  to  be  related  to  the  inability  of  the  individual's 
jejunal  glycolytic  enzymes  to  respond  to  folic  acid  and  carbohydrate 
diets. 
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WORK  UNIT  NO,  078  Metabolic  Response  of  Man 

to  Nutrition  or  Disease 

STUDY  NO.  1  Investigation  of  a  Patient 

with  Anterior  and  Posterior 
Hypopituitarism. 

PROBLEM: 

A  patient  with  fatigue,  weight  loss,  decreased  libido,  impotence, 
polyuria  and  polydypsia  of  five  years  duration  was  studied.  It  appeared 
that  he  had  anterior  and  posterior  hypopituitarism.  He  had  sickle  cell 
trait  and  the  question  was  whether  or  not  the  hypopituitarism  was 
related  to  the  sickle  cell  trait. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


A  41-year  old  Negro  male  with  fatigue,  weight  loss,  decreased  libido, 
impotence,  polyuria  and  polydypsia  of  five  years  duration  was  studied. 
Symptoms  began  two  months  following  a  prolonged  high  altitude  flight. 

His  prostate  and  testes  were  abnormally  soft.  Visual  fields  and  chromosome 
analyses  were  normal.  A  testicular  biopsy  showed  no  spermatogenesis 
with  generalized  tubular  and  interstitial  tissue  atrophy.  Hemoglobin 
electrophoresis  revealed  A  and  S  hemoglobins.  A  skull  x-ray  showed 
supracellular  calcification  but  carotid  arteriograms  were  normal. 

Craniotomy  showed  no  evidence  of  tumor  or  other  lesions.  Response 
of  his  low  urinary  steroid  excretion  to  ACTH  and  metopirone  indicated 
secondary  hypoadrenalism.  Plasma  growth  hormone  did  not  increase 
with  insulin  induced  hypoglycemia.  Thyroid  function  was  at  the  lower 
limits  of  normal.  The  values  for  serum  and  urine  osmolality  after 
overnight  fasting,  saline  infusion,  pitressin  injection  and  prolonged 
water  deprivation  were  diagnostic  of  pituitary  diabetes  insipidus. 

Review  of  the  English  medical  literature  revealed  two  patients  with 
sickle  cell  trait  and  pituitary  infarction  proven  at  autopsy.  Since  the 
nephropathy  of  sickle  cell  trait  is  pitressin  resistant,  pitressin  res¬ 
ponsive  hyposthenuria  in  persons  with  S  hemoglobin  suggests  pituitary 
involvement.  A  causal  relationship  between  this  patient’s  sickle  cell 
trait  and  generalized  hypopituitarism  is  suggested. 

CONCLUSIONS: 


We  conclude  that  the  patient’s  anteA  .nd  posterior  hypopituitarism 
was  related  to  the  sickle  cell  trait. 
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RECOMMENDATIONS: 

Similar  studies  in  patients  with  sickle  cell  trait  and  hyposthenuria 
should  be  done. 

PUBLICATIONS: 

Pastore,  R.  A.  ,  Anderson,  J.W.  and  R.  H.  Herman.  Anterior  and 
posterior  hypopituitarism  associated  with  sickle  cell  trait.  Annals  of 
Internal  Medicine,  1969,  in  press. 


STUDY  NO.  2  The  Effect  of  Diet  on 

Gastrointestinal  Enzymes. 

PROBLEM: 

The  regulation  of  some  gastrointestinal  enzymes  by  diet  has  been 
discovered  in  the  course  of  our  studies.  It  is  well  known  that  dietary 
substances  can  increase  enzymes  in  other  tissues  but  the  relationship 
of  dietary  substances  to  gastrointestinal  enzymes  has  not  been  studied. 

We  have  engaged  in  a  series  of  systematic  studies  in  rat  and  man  to 
elucidate  the  mechanisms  whereby  gastrointestinal  enzyme  levels  can 
be  controlled  by  diet  and/or  other  substances. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS : 

In  normal  man  one  can  demonstrate  that  dietary  sucrose  and  fructose 
can  increase  jejunal  mucosal  sucrase  and  maltase.  There  are  several 
maltases  in  jejunal  tissue  one  of  which  also  has  sucrase  activity.  It 
is  this  particular  maltase  that  increases  with  sucrose  feeding.  Fructose 
when  given  in  large  amounts  causes  diarrhea  in  man,  but  in  the  few 
instances  where  it  has  been  used  it  has  increased  jejunal  sucrase  and 
maltase.  Jejunal  lactase  does  not  change  with  sucrose  or  fructose 
feeding.  Because  jejunal  lactase  has  remained  constant  we  have 
expressed  our  results  not  only  in  absolute  values  of  sucrase  and  maltase 
but  also  in  terms  of  the  sucrase  to  lactase  and  maltase  to  lactase  ratios. 
The  time  for  increase  in  jejunal  sucrase  and  maltase  is  from  2  to  5 
days  which  is  approximately  that  of  the  turnover  of  the  jejunal  epithe¬ 
lium  cells  of  man.  Thus,  we  postulate  that  sucrose  and  fructose 
affect  the  crypt  cells  of  the  jejunum.  When  the  crypt  cells  migrate 
up  the  villus  and  form  a  brush  border  only  then  are  the  disaccharidase 
increases  expressed.  Large  amounts  of  glucose  also  can  increase 
sucrase  and  maltase  but  to  a  much  lesser  degree  than  isocaloric  amounts 
of  sucrose  and  fructose.  Maltose  and  lactose  have  no  effect  on  any  of 
the  disaccharidases. 
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We  next  turned  our  attention  to  the  effect  of  dietary  sugars  on  glycolytic 
enzymes  of  jejunal  epithelial  cells.  We  determined  that  dietary  glucose 
increases  jejunal  hexokinase,  glucokinase,  phosphofructokinase, 
glucose- 1,  6-diphosphate  aldolase  and  pyruvate  kinase  whereas  fructose 
increases  fructokinase,  fructo-l-phosphate  alaolase,  frueto-1,  6-diphos¬ 
phate  aldolase  and  pyruvate  kinase.  This  was  established  both  in 
rat  u..d  in  man.  In  man,  however,  the  fructose  was  in  the  form  of 
sucrose.  This  result  took  only  thirty  minutes  to  become  apparent, 
was  quite  evident  at  two  hours  and  reached  a  maximum  at  about  12 
hours.  Thus,  the  effect  seems  to  be  directly  on  the  jejunal  epithelial 
cell  and  different  from  the  effect  on  the  crypt  cell  as  seems  to  be  the 
case  with  the  disaccharidases.  Dietary  galactose  increases  the 
galactose  metabolic  pathway  enzymes,  galactokinase,  galactose 
dehydrogenase,  uridyl  transferase  and  UDPG  4'-epimerase.  Several 
of  the  jejunal  glycolytic  enzymes  appear  to  decrease  during  galactose 
feeding. 

Patients  wih  tropical  sprue  were  tested  with  dietary  sugars  and  their 
glycolytic  enzymes  were  found  to  respond  very  poorly.  Since  folic 
acid  is  a  specific  therapy  for  tropical  sprue  it  was  tested  in  such 
patients.  Folic  acid  increased  the  glycolytic  enzymes  alone  and 
even  more  so  with  diet.  We  then  investigated  the  effect  of  folic  acid 
in  normal  man  and  in  rats.  In  normal  man  folic  acid  increases  all 
glycolytic  enzymes  including  fructokinase,  fructose-l-phosphate  and 
fructose- 1,  6-diphosphate  aldolases,  phosphofructokinase,  glucokinase, 
hexokinase  and  pyruvate  kinase.  In  germ-free  rats,  kept  on  a  folic 
acid  deficient  diet,  gastrointestinal  enzymes  drop  to  low  levels  and 
gradually  increase  to  normal  as  folic  acid  is  given  by  stomach  tube 
to  the  rats.  This  occurs  at  a  time  when  the  animals  are  not  anemic 
and  show  no  megaloblastic  changes.  Folic  acid  levels  in  the  rats 
were  quite  low  and  gradually  rose  when  folic  acid  was  administered 
orally.  The  administration  of  folic  acid  parenterally  has  no  effect. 

Only  oral  folic  acid  is  effective  on  jejunal  glycolytic  enzymes. 

We  recently  saw  a  patient  who  had  symptoms  of  periodic  diarrhea, 
weakness,  tremor,  flushing,  muscle  cramps,  and  pallor  who  had  a 
mild  megaloblastic  bone  marrow  and  elevated  serum  folic  acid.  The 
patient  had  formiminoglutamic  aciduria  with  or  without  histidine 
loading.  Her  gastrointestinal  enzymes  did  not  respond  to  the  usual 
doses  of  folic  acid  or  to  dietary  carbohydrates.  She  had  a  marked 
carbohydrate  intolerance  which  precipitated  the  symptoms.  The 
patient  was  markedly  underweight  but  had  no  evidence  of  gastro¬ 
intestinal  disease  by  histologic  examination  of  jejunal  tissue  and  no 
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evidence  of  malabsorption.  Assay  of  fornuminotransferase  in  red 
blood  cells  and  in  jejunum  showed  the  enzyme  to  be  deficient.  Tims, 
this  patient  has  a  fornuminotransferase  deficiency  of  the  jejunum. 

She  has  been  treated  with  large  doses  of  oral  folic  acid  and  a  low 
carbohydrate  diet  and  has  improved  markedly  with  increased  well 
being  and  weight  gain. 

We  are  currently  investigating  other  patients  with  obscure  gastro¬ 
intestinal  problems  and  find  that  a  number  of  them  have  poor  adaptation 
of  their  jejunal  glycolytic  enzymes  to  diet  and  folic,  acid.  Some  of  these 
individuals  respond  poorly  to  diet  while  others  respond  poorly  to  folic 
acid.  The  nature  of  these  defecta  however,  are  not  clear  and  are 
presently  under  study. 

We  have  investigated  the  effect  of  various  drugs  and  sex  steroids  on 
jejunal  glycolytic  enzymes.  Rats  given  testosterone,  stilbestrol. 
progesterone  and  estradiol  orally  show  increases  in  phosphofrueto- 
kinase  and  pyruvate  kinase  and  a  decrease  in  fructose  diphosphatase. 
Fructose  diphosphate  aldolase,  hexokinase  and  glucokinase  were 
unchanged.  In  the  male  rat  testosterone  has  the  greatest  effect 
with  gradually  decreasing  effects  occurring  with  estradiol,  diethyl- 
stibesterol  and  progesterone.  In  the  female  rat  estradiol  was  most 
effective  with  testosterone  having  a  lesser  effect.  Therefore,  not 
only  is  the  type  of  sex  steroid  important  but  the  sex  of  the  animal 
is  important  in  determining  the  response  of  the  glycolytic  enzymes. 
Parenteral  sex  steroids  have  no  effect  on  gastrointestinal  enzymes. 

Other  steroids  have  been  studied  in  human  volunteers.  In  obese 
patients  undergoing  starvation,  we  find  that  dexamethasone  decreases 
the  glycolytic  enzymes  and  increases  fructose  diphosphatase  and 
gluconeogenic  enzymes  which  is  in  contrast  to  the  sex  steroids  which 
increase  the  glycolytic  enzymes  and  decrease  the  gluconeogenic  enzymes. 

Phenobarbital,  on  the  other  hand,  increases  all  of  the  glycolytic 
enzymes.  Neomycin,  an  antibiotic  which  can  cause  steatorrhea 
decreases  ail  of  the  glycolytic  enzymes. 

CONCLUSIONS: 


Dietary  substrates  have  a  profound  effect  on  gastrointestinal  enzymes 
in  both  man  and  rat.  Varying  sugars  such  as  glucose,  fructose,  and 
galactose  affect  the  specific  enzymes  that  are  important  in  their  own 
metabolism.  Substances  such  as  folic  acid  and  phenobarbital  increase 
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all  glycolytic  enzymes  and  in  the  rat,  sex  steroids  such  as  progesterone, 
testosterone,  diethylstilbestrol  and  estradiol  only  increase  some  of 
the  glycolytic  enzymes  and  decrease  fructose  diphosphatase  (a  glu¬ 
coneogenic  enzyme)  but  has  no  effect  on  hoxokinase.  fruetokinasc, 
or  fructose  diphosphate  aldolase.  The  sex  of  the  animal  also  determines 
the  degree  of  response  to  sex  steroids.  Folic  acid  increases  all 
glycolytic  enzymes  as  well  and  works  orally  but  not  parenterally . 

In  the  rats  the  sex  steroids  work  only  orally  and  not  parenterally. 

We  have  elucidated  the  condition  of  fonv.imi notransferase  deficiency 
in  the  gastrointestinal  tract  and  believe  that  this  deficiency  is  res¬ 
ponsible  for  the  symptom  complex  seen  in  one  patient.  We  are 
currently  studying  other  patients  with  various  obscure  forms  of 
gastrointestinal  disease  who  also  fail  to  respond  properly  to  diet 
and  folic  acid.  The  nature  of  their  diseases  are  less  clearly  delineated. 

RECOMMENDATIONS: 


This  is  a  most  fruitful  field  for  study  which  to  date  has  elucidated 
a  nun  her  of  important  findings  with  regard  to  the  control  of  gastro¬ 
intestinal  enzymes.  Our  findings  suggest  that  these  regulatory 
mechanisms  with  regard  to  dietary  substance  are  physiologically 
important  and  lead  to  gastrointestinal  disease  in  man  when  defects 
in  these  mechanisms  occur.  This  area  of  research  must  be  continued 
and  pursued  diligently. 
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ABSTRACT 


PROJECT  NO.  3A062110A822  Military  Infernal  Medicine 

WORK  UNIT  NO.  080  ,  Virologic  Clinical  Reseorch 

The  following  investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO.  1:  Rapid  Diagnosis  of  Myxo-  and  Paramyxo¬ 
viruses 


STUDY  NO.  2:  Nature  of  Hemagglutination  by  Parainflu¬ 
enza,  Virus  Types  1,  2,  3 

STUDY  NO.  3:  Nature  of  the  Immune  Response  Evoked  by 
an  Inactivated  RSV  Vaccine  and  After 
Natural  RSV  Infection 

STUDY  NO.  4:  Incidence  of  Hong  Kong  Influenza  Among 
Personnel  at  the  U.  S.  Army  Medical 
Research  and  Nutrition  Laboratory  and 
Among  Ambulatory  Patients  with  Chronic 
Pulmonary  and  Cordio-vascular  Diseases 
at  Fitzsimons  General  Hospital 


STUDY  NO.  5:  A  Field  Trial  of  a  Monovalent  Aj  Hong 
Kong  Variant  Influenza  Virus  Vaccine 

STUDY  NO.  6:  A  New  Serologic  Test  for  Respiratory 

Syncytial  Virus  (RSV)  Using  the  Soluble 
Antigen  Fluorescent  Antibody  (SAFA) 
Technique 


1.  A  satisfactory  rapid  diagnostic  technique  for  the  identification  of  myxo- 
and  paramyxovirus  infections  should  have  the  following  characteristics: 

(1)  capable  of  being  completed  within  a  few  hours  at  as  law  a  cast  as  possible; 

(2)  correlate  highly  with  standard  tissue  culture  isolation  ond  serologic  testing; 

(3)  not  be  dependent  upon  the  presence  of  infectious  virus.  Two  separate  tech¬ 
niques  are  described  which  appear  to  meet  these  requirements:  Direct  (1) 
Hemagglutination  (HA)  and  inhibition  by  typing  sera;  and  (2)  Fluorescent  anti¬ 
body  technique  utilizing  respiratory  secretion  obtained  at  the  time  of  illness. 
There  appears  to  be  a  high  correlation  (88-92%)  with  standard  methods  of 
identification. 
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2.  A  desirable  characteristic  of  a  rapid  diagnostic  technique  is  that  demonstra¬ 
tion  of  viral  antigen  be  independent  of  the  presence  of  infectious  virus.  Specif¬ 
ically,  it  is  necessary  to  know  if  the  direct  microplate  hemagglutination  test 
utilizing  respiratory  secretion  is  capable  of  detecting  noninfectious  parainfluenza 
types  1,  2  and  3.  Several  experiments  confirmed  that  HA  by  Para  1  is  dependent 
and  that  of  Para  2  not  dependent  upon  the  activity  of  infectious  virus.  In  additional 
experiments  it  was  demonstrated  that  HA  by  Para  3  also  is  dependent  upon  the  activ¬ 
ity  of  infectious  virus.  Noninfectious,  Tween-80-ether  (T-8Q-E)  treated  tissue 
culture  fluid  containing  either  Para  1,  2  or  3  antigens  showed  HA  and  could  be 
serologically  typed  using  the  microplate  method.  Tween-80-ether  treatment  of 
respiratory  secretion  will  be  required  to  demonstrate  noninfectious  Para  1  and  3 

by  the  direct  HA  technique  described  in  Study  No.  1.  HA  activity  by  noninfec¬ 
tious  Para  2  can  be  demonstrated  without  treating  secretion  with  T-80-E. 

3.  An  altered  host  response  to  naturally  acquired  RSV  infection  requiring  hospital¬ 
ization  was  observed  in  1966-67  and  in  1967-68  among  children  6-23  months  of 
age  at  the  time  of  initial  immunization  with  an  inactivated  RSV  vaccine  in  July 
1966.  Two  RS  vaccinees  (ages  3  and  4  years)  were  hospitalized  in  1969  with  RSV 
pneumonia.  The  clinical  course  in  each  case  seemed  milder  than  that  seen  prev¬ 
iously  in  atypical  illnesses.  The  induction  of  delayed  hypersensitivity  by  inac¬ 
tivated  RSV  vaccine  was  studied  (1)  in  human  recipients  utilizing  in  vitro  lympho¬ 
cyte  stimulation  in  response  to  vaccine  antigens,  and  (2)  in  the  guinea  pig  as  an 
animal  model.  The  mean  per  cent  blastoid  formation  and  mean  uptake  of  radio¬ 
uridine  were  greater  in  vaccinees  than  in  controls  in  in  vitro  lymphocyte  stimu¬ 
lation  tests  using  RSV  antigens.  A  delayed  hypersensitivity  reaction  could  be 
induced  in  guinea  pigs  by  multiple  injections  of  aqueous  RSV  vaccine  mixed  with 
complete  Freund's  adjuvant  but  not  by  aqueous  vaccine  alone. 

4.  A  nationwide  epidemic  of  Hong  Kong  Variant  strain  of  A2  influenza  was 
experienced  in  1968-69.  Colorado  was  one  of  the  states  earliest  and  most 
severely  involved.  The  first  peak  in  reported  cases  in  the  Denver  area 
occurred  near  the  end  of  November.  A  much  milder  second  peak  war  observed 
in  mid- January  1969.  No  significant  difference  in  attack  rates  for  Hong 
Kong  influenza  was  observed  for  adults  living  in  the  community  who  were 

(1)  healthy  and  (2)  afflicted  with  chronic  respiratory  and  cardiac  illnesses. 

5.  A  field  trial  was  conducted  at  the  Colorado  State  Home  and  Training  School 
in  Denver  in  order  to  test  the  antigenicity  and  efficacy  of  a  monovalent  Hong 
Kong  influenza  virus  vaccine  in  the  presence  of  an  epidemic.  A  smaller  study 
was  done  at  the  Children's  Asthma  Research  Institute  and  Hospital  (CARIH)  in 
Denver  in  order  to  determine  the  best  routes  of  vaccine  administration  in  order 
to  afford  maximum  protection.  About  80%  of  98  vaccine  recipients  developed 
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4-fold  or  greater  serum  hemagglutination  inhibition  (HAI)  antibody  rises  whether 
seronegative  or  seropositive  prior  to  immunization.  One  parenterol  injection  of 
vaccine  was  45%  protective  in  the  presence  of  an  epidemic.  Parenteral  followed 
by  intranasal  administration  produced  a  geometric  mean  titer  in  the  serum  (G=212) 
higher  than  that  produced  by  either  2  parenteral  (G=77)  or  2  intranasal  (G=83) 
administrations.  However,  2  intranasal  administrations  produced  a  geometric 
mean  titer  per  mgm  IgA  in  nasal  secretions  (0=44.3)  significantly  higher  than 
that  produced  by  parenteral  followed  by  intranasal  administration  (G~25.  1). 

6.  It  is  desirable  to  develop  a  new  serologic  test  for  respiratory  syncytial  virus 
(RSV)  infection  suitable  for  studying  the  distribution  of  antibody  in  immuno¬ 
globulin  fractions  evoked  by  an  RSV  vaccine  and  after  natural  infection  which 
avoids  the  cumbersome  fractionation  of  materials  by  column  chromatography. 

The  soluble  antigen  fluorescent  antibody  (SAFA)  technique  is  an  indirect 
fluorescent  antibody  technique  which  would  seem  to  fulfill  this  requirement. 

The  test  uf'!izes  an  RSV  antigen  produced  in  African  green  mankey  kidney 
(AGMK)  cells  which  is  dried  upon  cellulose  acetate  discs,  incubated  with 
human  serum  at  a  single  dilution  of  1-20  and  then  allowed  to  react  with  fluor¬ 
escein  conjugated  anti -human  IgG,  IgA  or  IgM  globulins.  Fluorescence  is 
read  objectively  in  a  fluarometer,  Twerty-five  of  28  children  with  significant 
CF  antibody  responses  were  SAFA  positive.  Thirty-five  of  39  CF  negative  pairs 
of  sera  were  SAFA  negative.  The  CF  negative  group  included  children  with 
parainfluenza  virus  type  1,  2  and  3,  adenovirus  and  mycoplasma  pneumoniae 
infections  diagnosed  by  standard  isolation  and  serologic  methods.  The  SAFA 
test  represents  a  new,  sensitive  and  specific  serologic  test  for  RSV  infections. 


313 


BODY  OF  REPORT 


WORK  UNIT  NO.  080 
STUDY  NO.  1 

PROBLEM: 


Virologic  Clinical  Research 

Ropid  Diagnosis  of  Myxo  and 
Paramyxoviruses 


Myxovirus  and  paramyxovirus  infections  are  usually  identified  by  stardard  tissue 
culture  or  egg  isolations  and  demonstration  of  4-fold  or  greater  rises  in  several 
types  of  serum  antibody.  These  procedures  are  costly,  time-consuming  and 
technically  demonding.  Foi  natural  reasons  many  positive  viral  identifications 
may  be  missed  using  standard  techniques.  Viral  identification  may  be  missed 
for  technical  reasons.  In  many  epidemiologic  surveys  it  is  necessory  to  freeze 
specimens  before  inoculation.  Myxovirus  titers  are  known  to  drop  even  when 
specimens  are  stored  at  -70°C. 


Rapid  and  alternative  techniques  for  the  identification  of  myxo-  and  paramyxo¬ 
virus  infections  aid  needed.  Chemotheropy  for  myxovirus  infections  is  on  the 
horizon  adding  further  impetus  to  finding  methods  for  rapid  diagnosis. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

Two  separate  methods  for  rapid  diagnosis  of  myxo-  and  paramyxovirus  infections 
hove  been  utilized  to  study  directly  nasal  secretion  obtained  at  the  time  of 
illness.  Comparison  with  standard  tissue  culture  isolations  and  serologic  tests 
was  made.  Procedures  for  the  initiol  processing  of  nasal  secretion  and  tech¬ 
niques  for  direct  hemagglutination  and  inhibition  and  fluorescent  microscopy 
were  described  in  the  1968  Annual  Reseorch  Progress  Report. 

Application  to  Clinical  Viroloaic  Studv  (Tables  1-3} 

TaETeT  compares  the  demonstration  of  a  hemagglutinating  agent  present  in 
respiratory  secretions  by  direct  hemagglutination  using  the  microplate  method 
with  identification  using  standord  diagnostic  methods.  The  rapid  method 
detected  88%  (15/17)  of  the  identifications  made  by  standard  methods. 
Twenty-three  secretions  were  HA  negative  from  25  children  shown  not  to 
have  such  myxovirus  infections  by  standard  methods.  Table  2  shows  the 
distribution  of  specific  agents  identified  by  tissue  culture  isolotion  ond/or 
a  significant  serologic  response.  The  two  infections  missed  by  the  ropid  technique 
were  caused  by  parainfluenza  3  and  An  influenza.  Typing  was  successfully 
done  on  4  secretions  containing  Paro-l  or  2  as  the  single  agent.  Typing  of 
A2  influenza  or  combined  infections  has  not  yet  been  attempted. 
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TABLE  1 


RELATION  BETWEEN  DIRECT  HEMAGGLUTINATION  OF 
RESPIRATORY  SECRETIONS  AND  STANDARD 
DIAGNOSTIC  METHODS  (42  SPECIMENS) 


Standard  Methods  Direct  Hemagglutination 


* 

Positive 

Negative 

Virus  Isolation 

Positive 

17 

15 

2 

and/or 

Serologic  Diagnosis 

Negative 

25 

2 

23 

TABLE  2 

DISTRIBUTION  OF  SPECIFIC  HEMAGGLUTINATING  AGENTS 
DEMONSTRATED  BY  THE  DIRECT  HEMAGGLUTINATION 
OF  RESPIRATORY  SECRETIONS 


No.  Identified  No. 

By  Standard  Identified 
Methods  By  HA 


No.  HA 
Negative 


Paraflu,  Type  1  1 

Para  flu,  ”ype  2  3 

Paraflu,  Type  3  I 

A2  Influenza  6 

Combined*  6 


1 

3 

5 

6 


1 

I 


Total  17  15  2 


*  Dual  Infections  with  2  hemagglutinating  agents  or  with 
one  HA  agent  and  a  second  agent  not  capable  of  hema¬ 
gglutination  withG.  P.  Erythrocytes 
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Table  3  shows  the  relation  between  direct  immunofluorescent  examination  of 
exfoliated  cells,  serological  response  and  isolation  of  respiratory  syncytial 
virus.  In  patients  with  proven  RS  infections,  88.2%  of  nasopharyngeal  aspirates 
and  87.5%  of  nasal  smeais,  but  only  72. 7%  of  throat  smears,  were  positive 
by  immunofluorescent  examination  of  exfoliated  cells.  Twenty-two  (91.6%) 
preparations  of  exfoliated  cells  obtained  by  any  of  the  3  methods  of  collection 
from  24  patients  with  proven  RS  virus  infections  showed  specific  fluorescence . 

In  patients  where  no  virus  was  isolated  and  *here  were  no  significant  antibody 
responses,  90.4%  were  negative  by  direct  immunofluorescence.  Specific 
fluorescent  cells  obtained  from  nasopharyngeol  aspirates  and  in  nasal  smeais 
correlated  weli  with  standard  methods  of  identification  with  94%  overall  agree¬ 
ment.  Localization  of  RSV  antigen  in  the  cytoplasm  showed  the  same  charac¬ 
teristics  in  exfoliated  cells  os  in  tissue  cells. 


TABLE  3 

Relation  Between  Direct  immunofluorescent  Examination  of  Exfoliated  Cells, 
Serological  Response  and  isolation  of  Respiratory  Syncytial  Virus _ 


Specimens  and  Standard  Methods 

Immunofluorescent  Method 

Overall  Agreement 

Throat  Swab  (41  Specimens) 
\7Trus  isolation  ^os 

22 

Positive 

16  (72.7%)* 

Negative 

6 

and/or 

Antibody  Response***  Neg 

T9 

2 

17  (89.4%)** 

33/41  (80  5%) 

Nasopharyngeal  Secretion 
(37  Specimens) 

Virus  Isolation  Pos 

17 

15  (88,2%)* 

2 

fl  and/or 

1  Antibody  Response  Neg 

20 

0 

20  (100%)** 

35/37  (94.6%) 

(Nasal  Smear  (17  Specimens) 

1  Virus  Isolation  fos 

8 

7  (87.5%)* 

1 

1  Neg 

9 

0 

9  (100%)** 

16/17  (94. 1%) 

■Exfoliated  Cells  by  Any  Method  1 
■of  Collection  (45  Specimens)  | 

jf  Virus  Isolation  ^os  241 

22  (91 .6%)* 

2 

I 

■  and/or 

B  Antibody  Response  Neg 

J 

2 

19  (90.4%)** 

41/45(91.1%)  § 

*  %  co-positivity;  **  %  co-negativity;  ***  4X  or  greater  CF  rise 
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CONCLUSIONS: 


Two  methods  foi  rapid  diagnosis  of  myxo-  and  paramyxo  virus  infections  have 
been  desci  ibed.  There  appears  to  be  a  high  correlation  (88-92%)  with  standard 
methods  of  identification. 

fcECOMMENPAT  ION  S : 

These  2  methods  show  potential  for  routine  rapid  identification  of  nryxovirus 
infections  in  diagnostic  virology  laboratories. 

PUBLICATIONS: 

Nagahama,  TH.,  Eller,  J.  J.,  Stahl,  M.  K.,  and  Fulginiti,  V.  A. 

Rapid  diagnosis  of  myxovirgs  infections.  1.  Diagnosis  of  respiratory 
syncytial  virus  infection  by  a  direct  immonoflooresoent  method. 

Abstract,  American  Pediatric  Society,  Atlantic  City,  N.  J.,  April 
*969,  pp.  40. 

2.  Eller,  J.  J.,  OeLeon,  C.,  Stohl,  M.  K.,  and  Fulginiti ,  V.  A. 

Rapid  diagnosis  of  myxovirus  infections.  II.  ldentificat:on  of 
nfluenza  Aj>  and  parainfluenza  types  1,  2  and  3  by  the  direct  hema- 
ggk'i'inat'On  af  respiratory  secretion  using  a  microplate  method. 

Abstract,  Society  for  Pediatric  Research,  Atlantic  City,  N.  J., 

May  1969,  pp.  108. 
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STUDY  btO.  2  bkjHjre  -of  Hemaggioti notion  by 

Taratnfluenzo 

TRO&LEM: 

If  <3  respiratory  secretion  cOntoins  only  noninfectious  virus  that  will  not  hemogglut- 
"5 rvciT'fe,  treatment  of  the  secretion  ■with  Tween -TO-ether  (T-60-E)  offers  o  moons  of 
releasing  HX  antigen  for-detectian.  If,  on  fho  other  hard,  noninfectious  virus 
will  still  hema-gglutinote,  Treatment  of  necrdHon  with  T-TO-E  would  not  be  necess¬ 
ary  .  X  more  detailed  description  of  the  problem  was  given  in  the  ITOR  Xnnuol 
’Research  Progress  Report . 

’RESULTS  X~ND  DISCUSSION  OF  RESULTS: 

Several  experiments  confirmed  that  MX  by  Tara  1,  but  riot  Tara  2,  Is  dependent 
upon  the  activity  of  infectious  virus.  Xddifionol  experiments -demonstrated  that 
VfX  by  Tar-a-S  oho  is  -dependent  upon  the  activity  of  infectious  virus.  Noninfec- 
Tious,  l-TO-E  treated  tissue  culture  fluid  containing  either  Taro  1,  2  or  3  antigens 
^showed  HX  -and  could  be  serologically  typed  using  the  micropiate  method  described 
in  Study  1 . 

CONCLUSIONS; 

-  -  —  -  -  -  — 

Tween -TO-ether  treatment  Of  respt r-otory  secretion  will  be  repaired  to -demon¬ 
strate  noninfectious  Taro  i  -and  Taro  $  Vy  the  direct  HX  techni-que  described 
nh  Study  'l .  HX  activity  by  noninfectious  Tara  2  con  be  demonstrated  without 
Treating  secretion  with  T-TO-E. 

TECOM'MEN  DAT  IONS : 

Tdentificotion  of  parainfluenza  antigens  in  respiratory  secretions  treated  with 
Tween  -TO -ether  should  be  attempted . 


TUfeLLCXTfONS: 
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'STUOV'NO.  3 


'Nature  of  the  Immune "Raspc  nsc 
^ v<^od  by  on  InoctlvoTOd  ‘ftoo- 
pirotary  'Syncytial  Virus  Vocal  nt 
Kind  aftei  'Natural  ROV  I nfeefion 


♦RCELEM: 

altered  hast  response  to  naturally  aogui  red  ROV  infection  regulring  hospi^aliza- 
>k>h  was  Observed  In  T%b*a7end  in  TRb7-b$amang  ehi!drena*i3  months  of  age 
at  the  time  of  initial  immunization  with  an  inoctivaTedR'SV  vaccine  in  duly  TR66. 
'Ihose  af  the  youngei  age  group  remaining  in  the  area  (now  3  1  r1  to  A  yeai  aids) 
we  re  fallowed  through  anothei  RSV  season .  "Two  R'SV  voocinees  (ages  3  and  A  years) 
'■were  hospitalized  in  TRpR  with  'fi'SV  -pneumonia.  The  clinical  eOulse  in  each  ease 
'seemed  milde,  than  that  seen  previously  inalypieol  illnesses.  The  Induction  of 
•delayed  hypersensitivity  by  Inactivated  R'SV  vaccine  was  studied  (1 )  in  human 
recipients  utilizing  in  vitro  lymphocyte  stimulation  In  response  to  vaccine  antigens, 
•and  (3)  In  the  guinea  pig  Os  an  animal  model , 

RESULTS  AN 5  ftrSOUSSlON  OF  RESULTS: 

In  vitro  lymphocyte  stimulation  tests  (Tables  >4-5)  (In  collaboration  with  the 
^5ept.  O?biophysics,'0niverslry'af  Colorado  Medical  -Center,  Denver).  The 
mean  per  cent  blast  transfOTmatian  and  moan  uptake  of  radiourldine  in  cultures 
'-stimulated  with  R'SV -antigens  were  greater  In 'R'SV  veoclneas  than  In  age-matched 
centrals,  lr.  06th  vaecinees  and  controls,  pei  -cent  mitosis  was  almost  negligible 
and  most  often  zero.  Tables  A  and  5  are  expressed  In  terms  af  ratio  of  pei  -cent 
blast  transformation  or  rOdiOundihe  uptake  (CRM )  with 'R'SV' antigen  to  no 
antigen.  'Once  again,  the  means  and  medians  of  these  ratios  were  greatoi  foi 
R'SV  vaecinees  than  for  age-matched  -controls .  However,  the-  numbers  Of  children 
■studied  were  too  'small  and  standard  deviations  too  large  to 'show  any  statistical 
significance, 


VWvM-'jtik  'Clinic I  'iJt'tKlKli  Kbnl'ib 

7W&U  -3 

'RfcTNL’ 9H*-CbNT  7,0*51  KVNJSf^M^TK^iNT*  fN  bJNTb^fo  'S'TlYAi!k.^'Tf-t> 
V^itMirSV  VCNT^a^  Tb  THAT  Tx  ,lNNT!M0H7\Tfb  •C^XT^In’^'* 


S?aHo  X  bi-OM  Trci'm'foTThbYion'tv>?\ 

^ritighn  :vNk  Arvti.£< 

<5if»up 

>4b. 

n 

>A<V)3«n 

9TSV  VobclrtNw 

72  b3 

-5.1b 

V  b~  -  $b  .bo 

'Nbn  -Vooci  hbfr. 

b 

7.50 

1.7,? 

■b  sd  -  7  b- 

^  -tV-Tbi mlfriSd  ot  72  -  142  ’Kh . ; N*>*' V  1  --S7  b*  rMbShtN  ?nrt»n4c- 

'bi  •hoct'ivift'bd  vf  rv^r  mbtikey  Sci-dhey  jgTbvvriSNV  vb-s-tThb;  '*'*'*  'w»,lYur<?s  with  he  3a f<! 


>*fcU  15 

'^AThb't)F<'7v;'*  (ft'Ab'hX'HbbtXt  -bfbTA-tfJE 3  <XJ 'blHTb*!  f  $ >3 nMOU&TEb  WITH 
T^V  XNTl&fN*'*  >6  <*M  In  xINnTIWVI^  VTfb  x£*NTI*6b>' 

7?sHfr<7PM9r$V  A.-Mlffl-n  :VN^  lAtiH^hh 
''bfbo^  "iHo .  TPSbbn  "^MbtKiiri  "T’.&hJjo 

Srsv  VbtbThihK  -72  1  .$9  -.  ,9>3  -s  ,9d .  1 .7 1  «fc  &>  -*  ,*T 

'Nhr'VftbcIhbbi  77  1,79-i  ,'49  -s ,b .  7,12  -b,b2  -$.bC 


N*  -bhH'rtnlhib  bt  9b  -  144  'bl'S , ;  N*''*  1  7b  Tr  1  'T^&O-d'h.itrbn  bt  TbYtnh^ 
v3bKJ$>*e  bt  Irv&cli'rtftbd  vbrvM  Thbnteby  '■klbhfey  ^hbWT  9\5\ '  vbbtii*; 
s*s**  'CoTtores  wlTh  Hb  -tfhti^bh . 


V  v  \  t  Id 

O:  d<*  d*v»d:  t**?*^1  ,ts,«  'fK*  -c- •  dHO}-f"CJ  1hyYvvr*t*rl~V-  v^y  A* 

'tw:'* :  i,<rra*d^>  V  tSvNrrTw- . 

Ivk  £'ry  tn  ^tvj^Sjw^  t>-  iKkt'*  ’  ^>sr:  }«v»kv>  >^*?>'h^  wcr->*<*\  'ASH^v 

^i-^V>T.Sv?\  'fdH*d  V  >r  i  >f-*  *tt>'yi*o-m, 

H'wev+i  .  -o  Sf'fv.  'Yyi  *c‘1"*;y,y  av  v^j.ri’vt  vn v,  m.  ' ''^.;'vr 

'itjdv.'i^n?  V "w<i>toMi«*ib«*  >r*l  -cVewv’v*- 

YYWvjrv;?***).  :  ’’♦v?  V  w^c^c  "wri:  i"  M  ir  -  ,  N?>A> 

»;v'r’*i'>n-  v*(--T{  i  iif  Jr.  Ji! ,  t*>-,'  -Stiirsiiri'iv  v'Spr  <*}>' wf  tv  ’>!"/'>  'iSti'Vv  f-Sov- ■ 

V.'fS:>o'  'V>>  'wS-  ytMVi  tt'-t  ^■ri'T’O' .  ‘  ■hmrrvA  VW  ;  w  Vr.M-^iIv,-  . 

%jy.’-‘'7n*>Min'?ti>«>r.':Sr$\  ’>0'  'ftWr  1r  >*v  Arv't'S'i  ivMJsOyv  ^?Sis  'SA't  >f>sv?>i£-.j-.- 

VK  ^I-.Y’^  drirwl:  ii't1  >*>"  T^M'V  rr»  ^5<8k«C'^iiT  ^r*iJr r -C'  dr-.S5«S -■ . 

so^>^Uf>VpV?. . 

’Th»  TW»^r>  }y-  V  AmYtVY-'V  TW^ri’-  -cOT-t;  d’’  TSfiv'v;  ^'^  ixrM 

iftvJW*  lr;  vJi-T-C  irt^L  >V)V  Tr, <{!t>n>T-?''* i  't  n  -  1  \,'T>TV“v’\cv‘T;"  ^s+iYw. 

-firr^jb'rK  _  '■*  dfiovru.  He'***.-  ^  ■  .^T.  ovv 

:$t»Kc«fl«d  Vn  IiSK)  dirfe-dy  m^VidAi  ‘ '^\>'v  «rjvri*t  YrVwiv 

>A  ~Tl .  t^'nH  P>-£  ^rhlfSt?  ':  Hp.'^V 'S^KW  V3V-r*TV  >4p>V 

NRK-(>M*  ^Ty&TA^KS  : 

<w»is4i  ■>-  vlXr-pirw  wwilnitjf  it  fn.  s»i^c 

vjv  f-vH V^v'  4j\  •  1iy>W<M»r?r ’ v'IYk- $■;■ >*»<4y.7?t: hjjt  '  M;'t  >^sr. 

■^rc't^r  >;  ijvlirrJivr.  d*'  T^^hv- Ajrfr}i«*»Y,s . 

■^Jv^d  iJv  i>vrM-dK  'vi'lV  ^jAdy. 

^L%HOAT^V>: 

^ ,  A ; ''lo*r^'*';  .  '‘A .  J  Hpi  o>.  \~-.  ^  .  sov^t",  .  o  Vv,  iriirrXu’i 

^>.  ’**i‘>Me'i^iT'> ^i^&^rWriTN  \  in>: 'JTrfm^rTi^writi-n.  i .  M-.  'tAF^o' ■  ->-, 

■>>.vo  '>*l>y>ivjarjsd  TAVni^d^'M  vls^ir»(^1  irr  ><tr»T';rrFiiJj,'»li5Lj  v'^ 

iT'f  -'n>v!  tjr.  iyji<tn  ’^T'nrti^Yv  1  v7rf>;  VSt^irv- .  'SfcW¥--' 

,'Jr>; '  1  I? '  ^Tr'^rn^i . .  ^N4$f"-JWfe  _ 

f  Hm  0?  .  3.  ,  StHrJjlirM'T-1  (  A’  .  Vk  .  ^iirA  M  .  i-  .  M,  _  >fSO 

eH^Ti ,  1 1>KJ  Arwi>  'YSss'V»*?':r\ ■  -  '1  . 

YT, 'fh'irtri*r  Vr.  ^  vtrir; tfc- 

mYvh;  nX>>»iy>"Ti  ^iitTyvt  'T^r’S^A. 

^SiV'»y  .  *A'HtYtfr;o''C'i>y  ,\»  .  o^ . ,  1  t  da-. .  . 

Mo> .  o  .  ^ .  trSJsf  ■  v'tjrtsd  YY\>v:0' v  '•'4.1  -  v>*r  i>»i*i  >fryr"t'J'  Uf>«tt>-df>>fj>tp^cy,f*c 

Hiy3r»t"rAt*rii,'ir-i  v'iTy .  iE'tTNY'T'vji' .  1  ii-  ^fCoIrfrri^-,  'T^Sf'' . 


x  ?  v  v<*  *  x 


^xr^S'^-C;  -~  '  ’Hi'S*.  ^  r*v 
1  ~ ~-i ; .» ■  r.~~  't'vr'SV  '^*''V'-nH; 
i  *~v  ... .  v  ;■  U,  ''*.«. '»  :N.rr 

rv\.'  Xr  sS'S^ 
5^1  ri*  A*X  •  ^is.’VTX'  '^^.  -■!;~;J- 
X  ■*'  'l*'  -s^v— »X  v  >K“ 


''vrrs  v.'»"'v"tj-  X  r<T  '*;. 


>'OSi?v. 


X  ^crS^Js*-  x,-'i-  XtVl.  X‘x  -x  x-  ■■fc» '  ~vtv  -  •  X-  '—X.-vv?^  •»«.;;  »vvj>-  <rT-' 

t  Xv^t  T  ’*'.  >C‘  'iV  w^x-'  ‘X .  Sv'  ivy*;, 

’V,'Sj*'  >W_  '  '^  •  ^'?JU  V.V^;. 

**!><' v*%.»  Iks*  *r' **v-. 
-^*Kr  t  V  ^v^r''1 ' ’ *t- <>o.c:'>fc::  Svtt  ?t*  Vr-'i  “■'w- 

_  V  >  ■  J  TT*****"  -  X.  v^Tfi^C"C*  :  xr^r~  ^ 

X'-vXc'V  Jftcs;  -Sfc.-X.  '^'V  V  SKs:  J-.r'***.  "~v 

■v\  >•».  4  -.'I  ' .'s.^»>; ' \.,'v*~  'rr^r'X. 

>  vt*  ’  •  >c<rf'r^>r'Xr -'■’■<»*~t;  -  •  .j-v  '*c'**r^X-  *¥*  -  rrrr-s^:  sx^- ■-'issr ; 

V'  W  X"<r'~' .  "IK^r-. 


'*S*>  ^  -  X:XXX 


'K-'?*<5i>  ; 'HrxrNK:'r^X'  'fN;i»T.'r-  ?^r'Jf''V'^  x:  ■  ■wh.SjvX^*' 

X.  <r*,tc''X  -  '»-v^  “<r  ■'>->*x--  ;■  ’T>S  ; 

1\  X:x  NCr>:  'it-'i'r^-'  £*--~*«v't.~  »  \>  'S>r=>;'-‘:  -SC''  'ss"'^  v'*  ^  -  .<>. 
■^r;''^l>.  '•A-  \:>'\'HS;f  vX  -v  s!5*VS^>.."'V^r'  '<W^X^  ’**A<  '■'**-  '  'r  ! ^ 

'$\_  T  '  Vc  ?xkX-"i'r''Vr*v  ''**;.  '•C^'it  'Bin?-'. 


.■»  ^  'xr,^  l’i5C‘X^iVfc  v'-'^'  ' 

X-Xi'^C^r  ^-'**»  v^i  *!C"— •>  ’^i  ^SSMn's'  '^»''i:i?'***«5?Vr  Vr 

_  'ti*««rL  >»?*4  VXr*,. 


Xc.-  ^isV^Jryo"  >"’‘^T'''t"«cr;  -r^w*-  '^r-  >5^r-sX.rXr  v 

'frr-^as  X  •  v 

v^N.-^'r^,  x^ejT'-C'Sti'r  -■  ifX-  ■'  . 


C;  ''»~ 


XX-<t  >r~^''Xrrr«c. 


Virolog'c  Conical  Re**o?ch  (Cont'd) 
PUBLICATIONS: 


None,. 


Virologic  Clinical  Research  (Cont'd) 

STUDY  NO.  5  A  Field  Tna!  of  a  Monovalent 

A2  Hong  Kong  Variant  influ¬ 
enza  Virus  Vaccine  (In  collab¬ 
oration  with  Dept,  of  Pediatrics, 
Univ.  of  Colorado  Medical  Center) 

PROBLEM: 

A  field  trial  was  conducted  at  the  Colorado  State  Home  and  Training  School  in 
Denver  in  order  to  test  the  antigenicity  and  efficacy  af  a  monovalent  Hong  Kong 
influenza  virus  vaccine  in  the  presence  af  an  epidemic.  Gamma-A  (IgA) 
antibody  present  in  respiratory  secretions  is  now  felt  to  have  the  major  rale  in 
protection  against  invasion  by  respiratory  viruses.  Methods  of  immunization 
producing  the  highest  titers  in  secretions  per  mgm  IgA  are  likely  to  be  most  success¬ 
ful.  A  smaller  study  was  done  at  the  Children's  Asthma  Research  Institute  and 
Hospital  (CARIH)  in  Denver  in  order  to  determine  the  best  routes  of  vaccine  admin¬ 
istration  in  order  to  afford  maximum  protection. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

Colorado  State  Home  and  Training  School,  Denver 

Included  in  the  study  were  191  profoundly  mentally  and  physically  retarded 
children  and  a  few  adults  wha  were  confined  ta  bed  or  had  limited  ambulation 
and  were  housed  in  three  cottages  and  the  Intensive  Care  Unit.  Ninety-eight, 
or  approximately  half  the  residents  were  immunized  and  93  served  as  unimmunized 
controls.  The  bed  af  a  control  usually  was  next  to  that  of  a  vaccinee. 

Lat  No.  2MT16  (Eli  Lily  and  Company)  af  a  zonal  centrifuged  formalin 
inactivated,  monovalent  A^ai chi/2/68  (Hong  Kang  Variant)  influenza  virus 
vaccine  grown  in  the  extraembryanic  fluid  of  embryonated  hens'  eggs  was 
investigated.  This  vaccine  was  received  in  5  ml  viuls  and  contained  800 
CCA  units  per  ml.  0.5  ml  (400  CCA  units)  of  vaccine  was  administered 
subcutaneously  on  November  19  and  again  on  December  17,  1968.  Venaus 
blood  was  obtained  from  each  vaccinee  and  control  prior  ta  each  immuniza¬ 
tion  and  finally  an  January  28,  1969,  six  weeks  after  the  second  immunization. 

After  the  last  bleeding,  all  records  of  vaccinees  and  controls  were  reviewed 
far  occurrence  af  fever  or  illness  beginning  December  1,  1968  (twelve  days 
after  the  first  inaction  or  vaccine). 

Antigenicity  Data  (Tables  6-7) 

About  80%  of  vaccine  recipients  developed  4-fald  or  greater  serum  HAI  rises 
whether  seronegative  or  seropositive  prior  to  immunization.  By  6  weeks  after 
the  2nd  injection,  92%  of  vaccinees  had  seroconverted.  However,  during 
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*  t.rz-z*  (Con!  d) 

tSu  pe’iCKS  the  attack  tote  for  nature!  illness  was  high.  The  Geometric  Meon 
titers  (GMT)  four  weeks  after  the  primary  immunization  were  32  for  initially 
seronegative  and  59  for  initially  seropositive  vaccinees.  The  overall  GMT 
for  controls  six  weeks  after  the  2nd  injection  was  23  where  there  hod  been  on 
attack  rote  af  47%  for  natural  illness.  Therefore,  the  comparable  GMT  for 
vcccinees  of  /7  reflects  the  antigenicity  of  the  vaccine. 

TABLE  6 


SUMMARY  OF  ANTIGENICITY  OF  HONG  KONG  INFLUENZA  VIRUS  VACCINE 
BASED  UPON £4  X  HAI  ANTIBODY  RISES  IN  PAIRED 
PRE-AND  POST-IMMUNIZATION  VENOUS  BLOOD  SPECIMENS 


Pre-Vaccine  Antibody  Status 

^,4-fcld  Rise  in  Post-vaccine  Antibody 

4  Weeks  after 

1st  Injection 

6  Weeks  after  2nd 

njection 

% 

No. 

% 

No. 

Seronegative  (<8):  vaccinees 

45/57 

(79) 

54/57 

mm 

controls 

7/57 

(12) 

27/57 

EBB 

Seropositive  (^.8):  vaccinees 

33/41 

(80) 

36/41 

(88) 

controls 

2/36 

(6) 

17/36 

(47) 

Total  vacinees 

78/98 

(80) 

90/98 

controls 

9/93 

00) 

44/93 

*Attack  rote  47%  for  notural  illness  by  HAI  tests. 


TABLE  7 

GEOMETRIC  MEAN  HAI  TITERS* 


Pre-Vaccine  Antibody  Status 

No. 

TITER 

Pre-Vaccine 

4  Weeks  after 
1st  Injection 

6  Weeks  after 
2nd  Injection 

Seronegative  vaccinees 

57 

<8 

32 

59 

j  controls 

57 

<8 

4 

18 

5eropositive  vaccinees 

41 

12 

59 

114 

controls 

36 

12 

10 

32 

Total  vaccinees 

98 

4 

42 

77 

controls 

- „  - - - - - J 

93 

4 

5 

23 

*Titers  rounded  to  nearest  integer- 
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Vifologic  Clinical  Research  (Cant'd) 


Clinical  i  1 1  ness  and  deaths  during  9-week  influenza  epidemic  (Tables  8-9) 

Fever  or  definite  febrile  illnesses  developed  in  23%  of  98  vaccinees  as  com¬ 
pared  to  42%  of  93  controls.  Thus,  the  vaccine  was  45%  protective  clinically. 
Since  about  30%  of  the  illness  had  already  occurred  by  the  time  of  the  2nd 
infection  on  December  17,  the  protective  effect  probably  largely  reflects  that 
afforded  by  the  1st  immunization.  A  protective  effect  from  the  booster  could 
reasonably  be  expected  by  January  5.  However,  by  that  time  81%  (Table  9) 
of  the  illness  had  already  occurred.  There  were  3  deaths  including  1  vaccinee 
and  2  controls 

TABLE  8 

CLINICAL  ILLNESS  DURING  9  WEEK  INFLUENZA  EPIDEMIC  AT 
COLORADO  STATE  HOME  AND  TRAINING  SCHOOL,  DENVER 


Vaccinees  (98) 

Controls 

(93) 

Illness  Category 

No. 

% 

No. 

% 

Definite  fever 

or 

22 

(22) 

35 

(38) 

Definite  febrile  illness 

Questionable  fever 

1 

(1) 

4 

(43) 

Total 

23 

(23)* 

39 

(42) 

Deaths 

1 

(1) 

2 

(2) 

*Vaccine  45%  protective  clinically. 
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Vno!ogic  Clinicoi  Reseorch  (Cont'd) 


TABLE  9 

PERCENTAGE  CUMULATIVE  FREQUENCY  OF  ILLNESS*  DURING 
9  WEEK  INFLUENZA  EPIDEMIC  AT  COLORADO  STATE  HOME 
AND  TRAINING  SCHOOL,  DENVER 


Cumulative 

Percentage 

Wee 

k 

Frequency 

Cumulative 

Date 

No. 

(No.  of  Patients) 

Frequency 

Dec  1** 

1 

6 

10 

8 

2 

15 

24 

15*** 

3 

18 

29 

22 

4 

29  (1  death-V) 

47 

29 

5 

42  (1  death-C) 

68 

Jan  5 

6 

50 

81 

12 

7 

55  (1  death-C) 

89 

19 

8 

61 

98 

26 

9 

62 

100 

‘Defined  as  definite  fever  or  febrile  illness 
and  includes  5  patients  with  questionable  fever. 
**12  days  after  1st  injection  of  vaccine  on  Nov¬ 
ember  19. 

***Second  injection  on  December  17. 


Children's  Asthma  Research  Institute  and  Hospital  (CARIH),  Denver 
Six  older  children  institutionalized  at  CARIH  each  were  given  0.5  ml  subcutan¬ 
eously  of  f^2  Hong  Kong  influenza  virus  vaccine  on  November  22,  1968.  An 
intranasal  booster  was  given  on  December  6  or  7.  Six  older  children  and  2 
adults  were  given  intranasal  instillations  on  November  22,  followed  by  intra¬ 
nasal  boosters  on  December  6  or  7.  Venous  blood  and  nasal  secretions  were 
obtained  from  each  vaccinee  11  to  14  days  and  again  6  1/2  to  7  1/2  weeks 
after  the  second  immunization. 

Serum  and  nasal  HAI  and  nasal  neutralizing  titers  after  natural  infection  of 
A?  Hong  Kong  influenza  (Tab I e  10) 

About  4  Weeks  after  natural  infection  serum  HAI  titers  were  in  the  range  of 
128  to  1024  and  seemed  to  be  persisting  at  the  same  levels  four  weeks  later. 

The  HAI  GMT  in  nasal  secretions  about  4  weeks  after  natural  infection  was 
166  and  dropped  to  79.5  four  weeks  later.  However,  the  HA!  titer  per  mgm 
of  IgA  was  96.0  four  weeks  after  natural  infection  ond  had  not  changed  four 
weeks  later. 
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TABLE  10 


Virologic  Clmicol  Reseorch  (Conf'dj 


Serum  and  nasal  HAI  titers  and  IgA  concentrations  after  2  prior  administrations 
of  A2  Hong  Kong  influenzo  vaccine,  (fables  1 1,  12) 

Parenteral  vaccine  administration  followed  by  an  inharvasal  booster  resulted 
in  a  quite  high  serum  HAI  GMT  of  219  about  2  weeks  after  the  boo.ter.  This 
method  of  vaccine  administration  resulted  in  a  geometric  mean  titer  in  the  serum 
approximating  that  produced  by  natural  illness  and  was  essentially  unchanged 
about  5  weeks  later.  Infrarasa!  administration  of  vaccine  followed  by  an 
intranasal  booster  resulted  in  a  much  lower  serum  HAI  GMT  of  50  about  2 
weeks  after  the  booster  which  rose  to  83  five  weeks  later.  Both  methods  of 
vaccine  administration  resulted  in  geometric  mean  HAI  titers  per  mgm  of  IgA 
in  nasal  secretions  2  weeks  after  the  booster  which  were  almost  identical 
at  25.0  and  24.0.  The  HAI  GMT  per  mgm  IgA  five  weeks  later  produced  by 
parenteral  followed  by  intfanasol  administration  was  unchanged  at  25.  1. 

In  contrast,  the  GMT  per  mgm  IgA  five  weeks  letter  produced  by  2  intranasal 
administrations  rose  to  44.3.  Parenteral  followed  by  intranasal  administration 
produces  geometric  mean  titers  in  the  serum  higher  than  those  by  either  2  parenteral 
administrations  or  2  intranasal  administrations.  However,  2  intranasal  administra¬ 
tions  produce  a  GMT  per  mgm  IgA  in  secretions  signH'cantly  higher  6  1/2 
to  7  1/2  weeks  after  the  booster. 


TABLE  11 

SERUM  GEOMETRIC  MEAN  HAI  TITERS  AFTER  2  PRIOR  ADMINISTRATIONS 
OF  A2  HONG  KONG  INFLUENZA  VACCINE 


Method  of 

Vaccine  Administration 

11-14  Days  after 
2nd  Immunization 

~6l/2-7  1/2  Weeks  after 

2nd  Immunization 

No.*  HAI  GMT 

No.* 

HAI  GMT 

Parenteral 

Intranasal 

Nov.  22 
Dec.  6-7 

5  219 

4 

212 

Intranasal 

Intranasal 

Nov.  22 
Dec.  6-7 

5  50.  1 

5 

83. 1 

^Excludes  those  vaccinees  who  had  natural  influenza  prior  to  initial 
immunization. 
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V«efog  t  Conical  Ifiea  (C ant'd) 

CONCLUSIONS: 


On*  porenterol  injection  ol  voccine  «o;  45%  protective  in  the  presence  ol  on 
epidemic.  Poreriferol  followed  by  intronosol  odmin’strotion  produced  o  GMT 
in  the  serum  (G  212)  higher  fhon  that  produced  by  either  2  parenteral  (G-77)  o\ 
2  infronosal  (G~83)  administrations .  However,  2  infranasal  administrations 
produced  a  GMT  per  mgm  IgA  in  nasal  secretions  (G=44,3)significantly  higher 
than  that  produced  by  parenteral  followed  by  infranosol  administration  (G=25. 1) 

RECOMMENDATIONS: 

It  is  desirable  to  itudy  the  rate  of  decay  of  antibody  per  mgm  IgA  in  nasal 
secretions  in  serial  samples  obtained  after  natural  illness  and  offer  immunization 
by  the  2  different  routes  of  vaccine  administration. 

PUBLICATIONS: 


None. 
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Virols-gic  Clinical  Research  (Conf'df 
STUDY  NO.  6 


A  Ne«  Serologc  Test  for 
Respiratory  Syncytial  Virus 
(RSV)  Using  the  Soluble 
Antigen  fluorescent  Antibody 
(SATA)  Technique 


PROBLEM: 

It  is  desirable  to  develop  a  new  serologic  ♦"St  for  RS  virus  infection  suitable 
for  studying  the  distribution  of  antibody  in  immunoglobulin  fractions  evoked 
by  an  RSV  vaccine  01x1  after  natural  infection  which  avoids  the  cumbersome- 
fractionation  of  materials  by  column  chromatography.  The  soluble  antigen 
fluorescent  antibody  technique  in  essence  is  an  indirect  fluorescent  antibody 
technique  which  would  seem  to  fulfill  this  requirement. 

RESULTS  AND  DISCUSSION  QP  RESULTS:  (Table  13) 

The  SAFA  test  utilizes  an  RSV  antigen  produced  in  African  green  monkey 
kidney  (AGMK)  cells  which  is  dried  upon  cellulose  acetate  discs,  incubated 
with  human  serum  at  a  single  dilution  of  1  to  20  and  then  allowed  to  react 
with  fluorescein  conjugated  anti-human  IgG,  IgA  or  IgM  globulins.  Fluor¬ 
escence  is  read  objectively  in  a  fluorometer. 

TABLE  13 

FLUOROMETER  READINGS  IN  SAFA  TEST 
USING  ANTI-lg  G  COMPARED  WITH  CF  RESULTS 


No.  Paired 

...  I 

SAFA  Test  Rises  In  Dial  Readings  | 

Standard  Test 

Sera 

Mean 

Median 

Range 

CF  Negative 
(<4-fold  rises) 

30 

11 

0 

0-45 

CF  Positive 

28 

305 

252 

57-745 

(^4-fold  rises) 

165* 

134* 

57-351* 

*Mean,  median  and  range  in  rises  excluding  10  prior  recipients  of  an 
RSV  vaccine. 


Virologic  Clinical  Research  (Cont'd) 

The  SAFA  test  was  first  standardized  using  anti-IgG  by  testing  30  pairs  of  sera 
obtained  from  children  hospitalized  at  Fitzsimons  Generol  Hospital  for  acute 
lower  respiratory  tract  illness  in  1967  which  were  RSV  CF  negative.  The  range 
of  rises  in  fluorometer  dial  readings  was  0  to  45,  the  mean  was  11,  and  the 
median  was  0.  The  CF  negative  group  included  children  with  parainfluenza 
virus  types  1,  2  and  3  (17),  adenovirus  (2),  A2  influenza  (1)  and  mycoplasma 
pneumonia  (1)  infections  diagnosed  by  standard  isolation  and  sero'ogic  methods. 
There  was  no  evidence  of  cross  reactivity  with  these  common  respiratory  agents. 

An  additional  9  pairs  of  CF-negative  sera  which  were  borderline  were  also 
tested  using  anti-IgG.  One  of  these  serum  pairs  showed  a  significant  rise  using 
the  SAFA  test.  Three  small  infants  from  whom  RS  virus  was  isolated  but  who 
had  CF-negative  results  were  also  negative  by  the  SAFA  test.  In  order  to  evaluate 
sensitivity  28  pairs  of  CF  positive  sera  obtained  from  children  hospitalized  in 
1967  and  1968  were  tested  using  the  SAFA  technique.  These  patients  included 
10  RSV  vaccine  recipients  hospitalized  with  RSV  illness.  The  range  in  rises 
of  fluorometer  dial  readings  was  57  to  745,  the  mean  was  306  and  the  median 
was  252.  If  the  10  RSV  vaccinees  are  excluded  the  range  was  57  to  351, 
the  mean  was  167  and  the  median  was  134.  Only  3  pairs  of  sera  showed  rises 
of  less  than  45  fluorometer  dial  readings.  Twenty-five  serum  pairs  were  positive 
and  38  were  negative  by  both  methods  giving  an  overall  agreement  of  94%. 

CONCLUSIONS: 

The  SAFA  test  represents  a  sensitive  and  specific  serologic  test  for  RSV  infections 
which  can  be  utilized  to  study  the  distribution  in  the  various  immunoglobulin 
fractions  of  RSV  antibody  evoked  by  an  RSV  vaccine  and  after  natural  infection. 

RECOMMENDATIONS: 

The  SAFA  test  should  be  used  to  study  the  distribution  of  serum  antibody  in 
immunoglobulin  fractions.  Further  applications  of  the  SAFA  technique  should 
be  looked  for. 

PUBLICATIONS: 

Eller,  J.  J.,  Moran,  K.  J.,  Ga'  tsch,  J  W.,  and  Stahl,  M.  K.  A  new 
serologic  test  for  respiratory  syncytial  virus  infection  using  a  soluble  antigen 
fluorescent  antibody  technique.  Presented  ot  the  Western  Society  for  Pediatric 
Research,  November  25-26,  1968,  Denver,  Colo.  Abstract,  Society  for 
Pediatric  Reseorch,  Atlantic  City,  N.  J.,  May  1969,  pp.  100. 
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ABSTRACT 


PROJECT  NO. 

3A062U0A822 

Military  Internal  Medicine 

WORK  UNIT  NO. 

081 

A  digital  Computer  Based 
Bio^Medical  Information 

System  to  Support  Special 
Force*  Troop*  in  the  Field 

A  fully  automatic,  completely  integrated  biomedical  information  ayetem 
is  being  developed  to  provide  computer  based  medical  support  for  Special 
Forces  troops  being  deployed  OCONUS  and  upon  return  to  CONUS. 
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WORK  UNIT  NO.  081  A  Digital  Computer  Based  Bio- 

Medical  Information  System  to 
Support  Special  Forces  Troops 
in  the  Field 


PROBLEM: 

The  deployment  of  Special  Farces  troops  generates  a  tremendous  amount 
of  medical  information.  This  information  consists  of  histories, 
physical  examinations,  laboratory  findings  and  other  data.  The  return 
of  the  troops  provide  an  opportunity  to  evaluate  the  environmental  fac¬ 
tors  encountered  by  the  deployed  troops.  The  manual  manipulation  of 
this  amount  of  data  is  not  feasible  in  the  time  frame  required.  There¬ 
fore,  the  need  exists  to  develop  the  use  of  automatic  data  (ADP) 
equipment  to  assist  the  physicians  in  evaluating  the  data  collected. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS: 


The  protocol  for  this  application  was  developed  as  a  cooperative 
study  between  the  Surgeon's  Office,  Special  Forces  and  the  Computer 
Division,  USAMRNL. 

The  current  state  of  the  project  is: 

1.  The  data  transmission  system  (terminal  and  data  phone)  is  installed 
and  being  debugged  in  reference  to  the  specific  project  application. 

2.  The  data  preparation  device  is  on-site  and  being  used  for  input 
to  the  transmission  system. 

3.  The  data  output  device  is  connected  and  currently  being  debugged. 

4.  The  data  collection  procedures  have  been  revised  and  are  being 
implemented  on  the  computer. 

5.  Retrieval  programs  are  developed. 

6.  Evaluation  routines  are  currently  being  written. 
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A  Digital  Computer  Based  Bio-Medical  Information  System  to  Support 
Special  Forces  Troops  in  the  Field  (Cont'd) 

CONCLUSIONS: 

The  following  conclusions  have  been  drawn  from  the  current  state  of 
the  project: 

1.  The  use  of  recall  type  data  collection  is  not  as  reliable  as 
on-site  collection. 

2.  Data  should  be  collected  on  an  OCONUS  basis  as  well  as  CONUS 
return. 

3.  Data  transmission  should  be  accomplished  on  a  dedicated  circuit. 

4.  At  the  current  state  of  the  art,  no  other  method  is  as  efficient 
for  the  defined  tasks  of  storage ,  analysis,  retrieval  and  display  of 
the  mass  of  collected  data  as  the  computer. 

RECOMMENDATIONS : 

1.  The  programming  system  should  be  extended  to  provide  for  complete 
interrogation  procedures. 

2.  Data  should  be  collected  for  the  location  in  question,  not  from 
examination  30-60  days  after  the  subject  has  returned  to  CONUS. 

3.  Upgraded  communications  facilities  should  be  obtained. 
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23.  fU)  Tech  Obj,  :  To  identify  and  quantitate  the  human  performance  decrements  to  be 
expected  in  military  operations  at  10-18,  000  ft.  and  to  measure  the  extent  and  rate  of 

cclimatization.  To  evaluate  environmental  factors ,  nutritional,  hormonal,  drugs,  and 
other  variables  as  they  may  affect  acclimatization,  and  may  alleviate  mountain  sicknesi 

24.  (U)Approaeh:  A.  Measure  and  compare  clinical  symptoms,  food  intake,  nitrogen, 
mineral  and  water  balances.  B.  Measure  pulmonary,  cardiovascular  and  metabolic 
changes  during  rest,  mild,  moderate  and  exhausting  work  on  the  treadmill  and  during 
recovery.  Measure  performance  during  grade  walking  and  load  carrying  at  high  altitud 
C.  Evaluate  nutritional,  environmental  and  psychological  factors  as  related  to  physical 
conditioning  and  rate  of  ascant  to  altitudes.  D.  Measure  nutritional,  hormonal,  and 
physiological  factors  of  other  mammals  in  chambers  or  altitude  environments  above 
14,500  ft.  E.  Evaluate  glucose  metabolism  at  altitude.  F.  Evaluate  body  compartment 
changes  with  acute  exposure  to  altitude. 

25.  (U)  Progress:  (Jul  68  -  Jun  69)  Three  papers  have  been  published  in  the  Proceeding 
of  the  "Altitude  and  Cold"  symposium  (Fed.  Proc.,  June  1969).  These  studies  on  young 
healthy  adults  discussed  the  effects  of  diet  on  body  composition  changes,  performance 
and  subjective  symptomatology  and  nitrogen  and  mineral  metabolism,  during  abrupt  al¬ 
titude  exposure.  Three  more  papers  were  also  presented  at  the  annual  FASEB  meeting 
(1969)  on  the  effects  of  high  carbohydrate  diets  as  related  to  glucose  metabolism,  clini¬ 
cal  symptomatology  and  body  water  compartment  changes  not  presented  during  abrupt 

Ititude  exposure.  Additional  studies  investigating  the  mechanism  of  glucose  utilisation 
jsing  labeled  glucose-U-C^  are  being  initiated. 
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ABSTRACT 


PROJECT  NO. 

3A0621 10A827 

Military  Environmental 
Medicine 

WORK  UNIT  NO. 

070 

High  Altitude 
Bioenergetics 

A  broad  program  investigating  physiology  and  behavior  of  humans  at 
high  terrestrial  altitude  is  in  progress.  We  plan  to  locate  and  quan¬ 
titate  the  performance  decrements  to  be  expected  in  soldiers  in  mil¬ 
itary  operations  at  10,  000  to  14,  110  feet;  to  measure  the  extent  and 
the  rate  of  acclimatization;  to  investigate  the  physiology,  biochemis¬ 
try,  and  pharmacology  of  the  affected  organ  systems;  and  to  ascertain 
how  to  minimize  the  decrements  by  selection,  conditioning,  previous 
environmental  exposure,  nutrition,  drugs,  or  other  variables.  Acute 
mountain  sickness  and  its  prevention  or  treatment  is  a  potentially 
serious  military  problem  and  will  continue  to  be  investigated.  Recent 
investigations  have  shown  that  using  liquid  formula  high  carbohydrate 
diets  resulted  in  a  decrease  in  the  clinical  symptomatology  during 
abrupt  altitude  exposure.  Preliminary  findings  also  appear  to  indi¬ 
cate  that  the  energy  requirements  may  be  increased  at  high  altitude 
since  the  oxygen  uptakes  during  four  levels  of  submaximal  work  on 
the  treadmill  were  significantly  increased  at  altitude. 
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WORK  UNIT  NO,  070  High  Altitude  Bioenergetics 

PROBLEM: 

The  military  necessity  for  physiological  and  behavioral  studies  at 
high  terrestrial  altitude  became  apparent  with  the  Chinese  invasion 
of  India.  Several  members  of  this  laboratory,  because  of  their 
natural  interests,  the  geographical  location  of  the  laboratory  in 
Colorado,  and  the  support  of  the  Advanced  Research  Project  Agency 
and  the  Medical  Research  and  Development  Command,  began  working 
on  this  problem  in  1963,  Our  obj^tive  continues  to  be:  to  locate  and 
quantitate  the  performance  decrements  to  be  expected  in  soldiers  in 
military  operations  at  10,  000  to  18,  000  feet;  to  measure  the  extent 
and  rate  of  acclimatisation;  to  investigate  the  physiology,  biochem¬ 
istry,  and  pharmacology  of  the  affected  organ  systems  by  selection, 
conditioning,  previous  environmental  exposure,  nutrition,  drugB,  or 
other  variables,  We  plan  to  measure  and  correlate  pulmonary,  cardio¬ 
vascular,  metabolic,  and  biochemical  parameters  at  rest,  various 
levels  of  work  and  recovery  in  healthy  human  populations  at  both  low 
and  high  terrestrial  altitudes  or  with  the  use  of  altitude  chambers  or 
gas  mixtures  for  short-term  studies,  We  plan  to  participate  in  field 
studies  with  multiple  performance  measurements  of  actual  military 
tasks  and  to  study  the  effects  of  grade  walking  and  load  carrying, 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS; 

1.  1967  Study. 

a.  Two  groups  of  men  consumed  a  liquid  diet  of  constant  nutrient 
composition,  with  Group  I  consuming  diet  of  normal  distribution  of 
nutrients  and  Group  U,  one  with  a  high  carbohydrate  (68%)  and  low 

fat  (20%  of  the  calorleB),  The  data  suggests  that  high  carbohydrate 
dietB  and  prior  heavy  physical  activity  at  sea  level  may  be  beneficial 
in  reducing  the  clinical  symptomatology  observed  during  rapid  ascent 
to  high  altitudes,  It  also  appeared  that  the  high  carbohydrate,  low-fat 
diet  greatly  reduced  the  clinical  symptoms  at  altitude  over  the  control 
group.  The  Vq2  'b  *h  tnl/hg/ minute  were  ail  significantly  increased 
at  altitude  for  two  groupB  during  four  submaximal  work  levels  (3.  5  mph 
on  a  4  and  8%  grade  with  and  without  a  20  kg  pack)  suggesting  that 
energy  requirements  may  be  Increased  at  high  altitude. 

b.  At  altitude,  the  significant  body  weight  changes  of  3,54  and 
3.96  kg  in  Groups  land  II  were  partitioned  into  significant  losses  of 


High  Altitude  Energetics  (Con't) 


1.  2?  and  1, 46  kg  of  fat,  1. 77  and  1,  85  kg  of  body  water,  0,  32  and 

0,  47  kg  of  body  protein,  and  0,  16  and  0,  18  kg  of  mineral,  respective¬ 
ly.  Body  weight  lost  in  excess  of  that  attributable  to  the  caloric  defi¬ 
cit  appeared  to  be  due  to  a  loss  of  body  water.  Blood  and  plasma 
volumes  demonstrated  significant  decreases  at  altitude  which  also 
seems  to  indicate  hypohydration  of  the  body. 

c.  Nitrogen  balances  of  15  men  receiving  two  different  liquid  diets 
were  positive  at  sea  level  and  negative  at  altitude  but  appeared  to  be 
partially  a  reflection  of  intake  of  both  nitrogen  and  calories  since 
dietary  intake  was  greatly  reduced  at  altitude.  The  first  paper  on 
mineral  metabolism  Was  published.  In  summary,  sodium  balances, 
exclusive  of  sweat  losses,  were  positive  at  sea  level  and  negative  at 
altitude  while  potassium  was  retained  at  sea  level  and  balances  near 
equilibrium  were  observed  at  altitude.  Calcium  losses,  attributed  to 
low  intakes,  were  observed  throughout  the  study  and  magnesium 
balances  were  generally  positive* 

2.  1968  Study.  During  the  summer  of  1968,  another  study  of  human 
subjects  was  conducted  to  investigate  further  the  possible  beneficial 
effects  of  high  carbohydrate  intake  oil  acute  mountain  sickness.  This 
high  altitude  study  differed  from  the  earlier  one  in  three  aspects. 

Kirst,  eleven  of  the  subjects  were  exercised  vigorously  throughout 
the  study  period.  Second,  the  diet  was  only  half  liquid,  rather  than 
all  liquid,  and  the  remainder  was  solid  in  the  form  nf  TV  dinners, 
etc.  Third,  carbohydrate  metabolism  was  studied  following  an  oral 
glucose  load.  Laboratory  data  are  still  being  compiled  from  this 
study.  Preliminary  findings  are  as  follows}  for  the  first  time, 
caloric  intakes  were  decreased  minimally  at  altitude,  compared  with 
substantial  reductions  noted  in  the  earlier  study,  As  a  result,  glucose 
tolerance  curves,  insulin  secretion  and  serum  free  fatty  acid  concen¬ 
trations  during  a  standard  oral  glucose  tolerance  test  were  not  altered 
significantly  at  altitude,  The  high  carbohydrate,  low  fat  diet  was  again 
noted  to  be  beneficial  In  diminishing  the  symptoms  of  acute  mountain 
sickness.  The  two  non-exercising,  normal  diet-fed  men  became  very 
ill  at  altitude  and  had  to  be  removed  from  the  study  and  taken  to  1600 
meters  within  40  hours  of  exposure,  while  all  of  the  eight  high  carbo¬ 
hydrate-fed  subjects  including  two  hon-exerclser s  fared  well.  Some 
body  weight,  apparently*  water,  was  lost  at  altitude  and  then  regained 
after  the  men  returned  to  sea  level.  Nitrogen  balances  were  positive 
in  ail  except  the  non-exercising,  normal-diet  fed  subjects.  Samples 

of  diets,  urine  and  stools  are  presently  being  analysed  for  sodium, 
potassium,  calcium  and  magnesium,  in  order  to  determine  the  influ¬ 
ence  of  high  altitude  and  high  carbohydrate  intake  on  mineral  balances. 
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At  altitude,  the  average  weights  of  these  exercised  subjects  fell  mod¬ 
erately,  but  significantly  In  both  groups,  Changes  in  body  water  com¬ 
partments  were  not  significantly  different  between  groups,  Combined 
data  (11  men)  of  total  body  water  from  D.,0  dilution  at  altitude  showed 
n  significant  decrement  of  2,25  kg  below  sea  level  values,  while  extra 
cellular  water  (ECW)  values  remained  unaltered,  The  calculated 
intracellular  (1CW)  compartment  was  significantly  diminished  at 
altitude  by  3.25  kg  below  sea  level  value.  These  data  show  that,  at 
altitude,  men  who  exercise  strenuously  anti  maintain  high  caloric' 
intake  develop  u  significant  diminution  in  total  body  water  secondary 
to  reduction  of  the  1CW  compartment. 

CONCLUSIONS; 

1.  In  the  1967  study,  using  a  liquid  high  carbohydrate  diet,  the  follow 
ing  was  observed} 

a,  Heavy  exercise  prior  to  altitude  exposure  was  greatly  bene¬ 
ficial  in  reducing  the  clinical  symptomatology. 

b,  Negative  nitrogen  balances  resulted  from  acute  exposure  to 
altitude, 

c,  The  decreased  dietary  intake  at  altitude  resulted  in  a  signifi¬ 
cant  body  weight  loss  which  was  not  all  due  to  the  caloric  deficit  but 
to  the  body  water  loss.  Other  factors  such  as  a  significant  decrease 
in  plasma  and  blood  volume  and  negative  water  balances  indicate 
hypohydration. 

2,  In  the  1968  study,  the  men  were  highly  motivated  and  consumed 
practically  all  of  the  diet  at  altitude.  This  resulted  in  positive  nitro¬ 
gen  balances,  normal  glucoBe  tolerance  curves,  insulin  secretion  and 
free  fatty  acids  at  altitude,  Additional  information  on  the  hypohydra¬ 
tion  effect  at  altitude  was  obtained.  The  body  weight  losses  were 
significantly  decreased,  A  decrease  in  total  body  water,  withuut 
change  in  ECW,  was  measured  which  reflected  changes  in  intracellu¬ 
lar  water, 

RECOMMENDATIONS} 


1,  Future  studies  will  include  changes  in  plasma  lipids,  lipoproteins, 
glucose,  lactate  and  pyruvate,  glucose  tolerance  and  metabolic  pattern 
during  a  standard  submaxlmal  exercise  test, 
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<1.  Specific  metabolic  studies  in  human  subjects  receiving  different 
diets  will  attempt  to  evaluate  at  high  altitude  alterations  in  carbohy¬ 
drate  and  lipid  metabolism,  The  studies  will  include: 

a.  intermixing  glucose  mass,  apparent  distribution  space  of  glu¬ 
cose,  and  rates  of  appearance  (hepatic  output)  and  disappearance 
(tissue  uptake)  of  glucose,  meajtjred  by  the  technique  of  a  measured 
tracer  injection  of  glucose  -UC 

b.  Influence  of  physiologic  dose  of  glucagon  on  concentrations 
of  plasma  glucose,  insulin,  growth  hormone,  and  free  fatty  acids. 

c.  Influence  of  intravenous  infusion  of  the  nmino  acid  arginine 
on  plasma  glucose,  insulin,  growth  hormone,  and  free  fatty  acids, 

d.  Metabolic  pattern  during  submaxlmal  exercise. 

e.  Continuation  of  mineral  metabolism  studies  of  humans  during 
altitude  exposure,  with  various  other  environmental  stresses  and  with 
altered  amounts  of  macro  nutrients  as  indicated. 

i.  Studies  at  altitudes  above  14,  100  feet  in  altitude  chambers,  or  in 
South  America. 

4.  Studies  of  altitude  and  cold  adaptation. 
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1.  Krzywicki,  H.J.,  C.  F.  Consoiazio,  L.  O.  Matoush, 

H.  L.  Johnson,  and  R.  A.  Barnhart,  Body  composition 
changefl  during  exposure  to  altitude,  Proc.  of  the  Inter¬ 
national  Symposium  on  Altitude  and  Cold,  ABpon,  Colorado, 
Fed.  Proc.  28:  1 190- 1193,  May- June,  1969. 

2.  Consoiazio,  C.  F. ,  L.  O.  Matoush,  H.  L.  Johnson, 

H.  J.  Krzywicki,  and  G.  J.  Isaac.  The  effects  of  high  carbohy 
drate  diets  during  abrupt  attitude  exposure  (4300  Meters). 
Performance  and  Subjective  Symptomatology  (Clinical). 

Proc.  of  the  International  Symposium  on  Altitude  and  Cold, 
ABpen,  Colorado,  Fed.  Proc.  28:  937-943,  May-June,  1969. 

3.  Johnson,  H.  L, ,  C.  F.  Consoiazio,  L.  O.  Matoush,  and 
H.J.  Krzywicki.  Nitrogen  and  Mineral  Metabolism  at 
Altitude.  Proc.  of  the  International  Symposium  on  Altitude 
and  Cold,  Aspen,  Colorado.  Fed.  Proc.  28:  1195-1198, 
May-June,  1969. 

4.  Carbohydrate  Metabolism  in  Men  at  High  Altitude.  Alfonso 
Janoski,  H.  L.  Johnson,  and  S.  S.  Sanbar.  Fed.  Proc.  28: 
1858,  May-June,  1969.  (Abstract) 

5.  The  Effects  of  Diet  and  Exercise  Upon  Men  Exposed  to 
Altitude.  H.  L.  Johnson,  C.  F.  Consoiazio,  H.J.  Krzywicki, 
and  T.  A,  Daws.  Fed.  Proc,  28:  1859,  May-June  1969. 
(Abstract) 

6.  Changes  in  Body  Water  Compartments  at  High  Altitude. 

H.J.  Krzywicki,  C.  F.  Consoiazio,  H.  L,  Johnson  and 
W.  C.  Nielsen,  Fed,  Proc.  28:  2218,  May-June,  1969. 
(Abstract) 
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23.  (U)  Tech  Objective:  The  purpose  of  this  work  ia  to  investigate  the  response  of  the 
cardiovascular  and  pulmonary  systems  to  hypoxia.  Particular  attention  will  be  given  to 
humans  during  actual  altitude  exposure.  The  studies  will  emphasise  the  interrelation¬ 
ships  of  cardiovascular  and  pulmonary  function  with  the  function  of  other  body  systems. 
The  initial  decrements  in  function,  as  well  as  the  amelioration  of  theae  decrements 
through  acclimatisation  or  other  ptocedures  will  be  inveatigated. 

24.  (U)  Approach:  Conventional  techniques  and  procedures  will  be  utilised  to  assess 
cardiovascular  and  pulmonary  function.  In  moat  instances,  these  measurements  on 
humans  will  be  a  part  of  a  multi-disciplinary  investigation  conducted  during  actual 
altitude,  e.g.  ,  on  Pikes  Peak.  Thus,  the  factors  influencing  and/or  controlling 
cardiopulmonary  fun  tion  at  high  altitude,  as  well  as  the  interrelationships  of  various 
body  functions  will  be  ol  prime  interest, 

25.  (U)  Progresa  (Jul  68-Jun  69)  The  paat  year  was  devoted  entirely  to  reducing  and 
analysing  data  which  had  accumulated  during  earlier  human  studies.  These  efforts 
showed  the  development  of  hypocapnia  to  be  an  exponential  function  of  time  at  altitude 
(Pikes  Peak).  They  also  showed  the  first  five  days  of  exposure  to  be  associated  with 
hemoconcentrAtion  due  to  plasma  volume  reduction.  Cardiac  output  shows  a  marked 
increase  during  the  first  two  days  of  exposure  and  this  is  entirely  attributable  to 
tachycardia.  After  five  days  the  output  ia  back  to  sea  level  values  and  by  15  days  is 
slightly  below  sea  level  values.  Stroke  volume  is  unchanged  during  the  first  five  days 

and  ia  reduced  after  15  day*  on  Pikes  Peak.  Further  studies  will  be  continued  under 
work  unit  073  Physiological  and  Paycholotical  As  DccLs  id -Per  forma  nee  at  Altitude, 
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nn  fftHM  1  A  QP  I  NEVi  OU  S  EDITIONS  OF  THI*  F  ONM  A*C  ORIOLf  T  f  nn  f  CRMS  ’  4V  A  A  I  fh 

LsLf|  MARI  M  *  ■  wU  AND  I  4»»-  I  1  MAR  «t  IFOR  A  RM  Y  UIKJgAAE  OBSOLETE 


ABSTRACT! 
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V 

07  1  Cardiovascular  and  Pulmonary 

Responses  at  High  Altitude 

The  following  investigation  has  been  done  under  this  work  unit: 

STUDY  NO.  1:  Hemodynamics  and  Blood  Variables  at 
Altitude 

Nine  human  volunteers  were  studied  initially  at  sea  level  and  then  for 
14  days  (14,  100  ft.)  altitude.  Hemoconcentration  attributable  to  a 
reduction  in  plasma  volume  occurred  during  the  first  five  days  at 
altitude.  Blood  gas  and  pH  declined  exponentially  during  the  14  days 
at  altitude.  Heart  rate  and  cardiac  output  were  increased  at  two  days' 
exposure,  then  declined  toward  control  levels  at  14  days.  Stroke 
volume  was  unchanged  at  two  and  five  days.  At  14  days,  it  was  below 
control  values.  Mean  arterial  blood  pressure  rose  slightly  on  the 
second  day  at  altitude  and  remained  elevated  for  the  14-dav  period. 

These  data  indicate  that  the  discrepancy  in  the  literature  is  accounted 
for  by  differences  in  the  length  of  time  at  altitude. 


PROJECT  NO, 
WORK  UNIT  NO. 


BODY  OF  REPORT 


WORK  UNIT  NO.  071  Cardiovascular  and  Pulmonary 

Responses  at  High  Altitude 

STUDY  NO.  1  Hemodynamics  and  Blood 

Variables  at  Altitude 

PROBLEM: 


Previous  studies  from  this  and  other  laboratories  have  produced 
apparently  conflicting  results  with  respect  to  the  changes  in  hemo¬ 
dynamic  function  associated  with  chronic  high  altitude  exposure. 
Included  in  these  conflicts  are  data  showing  the  resting  cardiac  out¬ 
put  and  stroke  volume  to  be  increased,  unchanged  and  reduced  as  a 
consequence  of  altitude  exposure.  It  seemed  possible  that  much  of 
the  conflicting  data  could  be  attributed  to  differences  in  the  elevations 
at  which  various  studies  were  conducted  or  to  differences  in  the  dura¬ 
tion  of  exposure.  As  part  of  another  field  study  (Study  No.  I,  Work 
Unit  072),  the  second  of  these  possibilities  was  investigated. 

RESULTS: 

Nine  human  volunteers  were  studied  initially  at  low  altitude  in  San 
Antonio  and  subsequently  after  altitude  exposure  on  Pikes  Peak  for 
2,  5  and  14  days.  Hematocrit,  hemoglobin  and  plasma  volume 
measurements  revealed  an  abrupt  hemoconcentration  during  the 
first  five  days  of  altitude  exposure.  This  was  attributable  to  a 
reduction  in  plasma  volume.  Between  five  and  14  days'  exposure 
hemoglobin  and  hematocrit  values  increased  more  gradually,  pre¬ 
sumably  because  of  an  altitude-induced  increase  in  hematopoietic 
activity.  Blood  gas  and  pH  measurements  revealed  an  exponential 
decline  in  arterial  Pcq2  anr*  bicarbonate  concentration,  i.  e.  ,  rapid 
decreases  during  the  early  -tages  of  exposure  and  more  gradual 
decrease  thereafter.  Minimal  arterial  Pq^  values  were  observed 
on  the  second  day  of  exposure  with  no  evidence  of  recovery  there¬ 
after.  Because  of  the  increase  in  ventilation  and  hemoglobin  con¬ 
centration  arterial  saturation  and  02  content,  particularly  the 
latter,  exhibited  marked  recoveries  from  the  low  values  exhibited 
on  the  second  day  at  altitude.  Normal  values  for  arterial  con¬ 
tent  were  thus  observed  after  14  days  on  Pikes  Peak. 

Hemodynamic  measurements  revealed  a  marked  increase  in  resting, 
supine  heart  rate  and  cardiac  output  on  the  second  day  of  altitude 
exposure.  Stroke  volume  was  unchanged  at  this  time.  With  longer 
exposure  heart  rate  decreased,  but  did  not  reach  control  values, 
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even  after  14  days  on  the  Peak.  Stroke  volume  reverted  to  normal 
values  after  two  and  five  days1  exposure  and  was  subnormal  after 
14  days.  Mean  arterial  pressure  measurements  showed  a  slight 
increase  on  the  second  day  of  altitude  exposure  and  maintenance  of 
this  increase  over  the  course  of  the  altitude  sojourn. 

CONCLUSIONS: 


The  major  discrepancies  in  the  literature  concerning  acid-base  and 
hemodynamic  functions  at  altitude  can  be  ascribed  to  differences  in 
duration  and  level  of  altitude  exposure,  particularly  the  former. 

The  data  obtained  in  this  study  suggest  temporal  relationships  between 
arterial  Pc02 »  bicarbonate  concentration  and  02  content  and  the  sever¬ 
ity  of  some  altitude  sickness  symptoms. 

R  ECOMMENDA  TIONS: 

1.  Studies  should  be  conducted  to  establish  or  refute  mathematically 
the  foregoing  suggestions  about  mountain  sickness  and  blood  composi¬ 
tion. 

2.  However,  due  to  loss  of  two  civilian  scientists  because  of  the 
manpower  reductions  imposed  on  the  Laboratory,  to  a  lesser  extent, 
the  reduction  in  financial  support  and,  to  effect  better  management 
of  resources,  research  under  this  work  unit  will  be  discontinued. 

Future  efforts  in  cardiopulmonary  physiology  at  high  altitude  will 

be  incorporated  into  Work  Unit  073, 

PUBLICATIONS: 

1.  Shields,  J.L.,  J.  P,  Hannon,  C.W.  Harris  &  W.S.  Platner. 

Effect  of  Altitude  Acclimatization  on  Pulmonary  Function  in  Women. 

J,  Appl.  Physiol.  25:606-609,  1968, 

2.  Hannon,  J,  P, ,  J,  L,  Shields,  C.W,  Harris,  Effects  of  Altitude 
Acclimatization  on  the  Blood  Composition  of  Women,  J,  Appl,  Physiol, 
26:540-547,  1969. 
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23.  (U)  Tech  Objective:  Research  under  this  work  unit  will  be  directed  towards  de¬ 
scribing  the  various  metabolic  defects  produced  in  human  volunteers  by  direct  or  in¬ 
direct  exposure  to  hypoxia,  especially  at  high  terrestrial  altitudes.  It  will  also  be  con 
cerned  with  describing  the  pattern  and  extent  of  metabolic  adaptations  sssociated  with 
hypoxic  exposure,  both  acute  and  chronic.  Attention  will  be  given  to  the  basic  physio¬ 
logical  mechanisms  which  underlie  the  defects  snd  adaptations  which  are  observed. 

24.  (U)  Approach:  Human  voluntfeera  will  be  subjected  to  actual  and  simulated  high  al¬ 
titude  environments  snd  various  physiological,  radioisotope  and  biochemical  measurei 
which  will  be  applied  to  describe  the  metabolic  defects  associated  with  hypoxis.  Gen¬ 
erally,  these  studies  will  be  limited  to  the  more  gross  aspects  of  metabolic  functions 
such  as  the  changes  in  nutritional  state,  energy,  metabolism,  blood  and  urine  chemi¬ 
stry,  etc. 

25.  (U)  Progress  (Jul  68-Jun  69)  Dats  acquired  during  human  field  studies  revested  a 
progressive  and  marked (3.  5  liter)  shift  of  water  from  the  extra-  to  the  intracellular 
space  during  the  first  week  of  exposure  on  Pikes  Peak.  The  new  distribution  was  main 
tained  for  an  additional  week  at  which  point  the  experiment  was  terminated.  The  loss 
of  extracellular  volume  was  accompanied  by  a  large  loss  of  extracellular  sodium  and 
lesser  losses  of  chloride,  potassium  and  calcium.  These  ions  appeared  to  accompany 
the  shift  of  water  to  the  intracellular  compartment.  Aldosterone  excretion  was  found 
to  be  reduced  while  cortisol  was  elevated.  Urinary  land  blood)  Na/K  ratio  was  elevate 
during  the  early  stages  of  exposure  and  this  was  attributed  to  potassium  retention.  No 
significant  changes  in  plasma  renin  values  were  observed.  Further  studies  will  be 
continued  under  work  unit  073  Physiological  and  Psychological  Aspects  of  Performanc 

at  Altitude,  Agency  Accession  DA  OA  6350. 
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ABSTRACT 


PROJECT  NO.  3A062 1  10AH27  Military  Environmental  Medici 

WORK  UNIT  NO.  072  Metabolic  Effects  of  Altitude 

The  following  investigation  has  been  conducted  under  this  work  unit; 

STUDY  NO.  1:  Fluid  and  Electrolyte  Shifts  at  Altitude 

Experimental  work  was  directed  to  the  effects  of  fluid  shifts  during 
acute  altitude  exposure  on  electrolyte  metabolism.  Serum  Na,  K, 

Ca,  Mg,  Cl,  PO4,  HCOj,  and  protein  anion  were  measured  in  nine 
volunteers  Initially  at  sea  level  and  after  1,  3,  7  and  14  days  at 
14,  100  ft.  altitude.  Calculations  of  total  extracellular  ionic  content 
revealed  marked  loss  of  Na  and  HCOj  and  lesser  losses  of  C.l,  K, 
and  Ca.  These  data  indicate  a  major  shift  of  extracellular  electro¬ 
lytes  from  the  extracellular  to  the  intracellular  compartment 
during  the  initial  stages  of  high  altitude  exposure. 


355 


BODY  OF  REPORT 


WORK  UNIT  NO.  072  Metabolic  Effects  of  Altitude 

STUDY  NO,  1  Fluid  and  Electrolyte  Shifts  at  Altitude 

PROBLEM: 

Previous  work  on  both  animals  and  humans  revealed  marked  shifts 
of  body  fluid  from  the  vascular  and  interstitial  compartments  to  the 
intracellular  compartments.  The  mechanisms  responsible  for  these 
shifts  are  unknown.  Also  unknown  are  the  effects  of  these  fluid  shifts 
on  electrolyte  metabolism.  Experimental  work  was  therefore  directed 
at  the  second  of  these  unknowns. 

RESULTS  AND  DISCUSSION: 

The  serum  concentrations  of  Na*  K*  Ca,  Mg,  Cl*  PO4*  HCO3*  and 
protein  anion  were  measured  in  nine  soldier  volunteers*  initially  at 
low  altitude  and  subsequently  after  1*  3*  7  and  14  days  at  Pikes  Peak, 
In  addition*  total  body  water  and  the  extracellular  space  were  meas¬ 
ured  as  indicated  in  the  1967  Annual  Research  Progress  Report. 
Intracellular  space  was  determined  by  difference.  These  measure¬ 
ments  revealed  the  serum  concentrations  of  Na  and  Ca  to  be  unaffected 
by  altitude  exposure  while  the  concentrations  of  K»  Mg,  Cl*  PO4,  and 
protein  anion  were  increased  and  the  concentration  of  HCO3  was 
decreased.  The  reduction  in  serum  bicarbonate  concentration  was 
offset  by  the  increases  in  Cl*  PO4,  and  protein  anion,  the  major 
compensation  being  attributable  to  the  elevation  in  Cl  concentration. 
Calculations  of  the  total  amount  of  extracellular  ions  revealed  marked 
loss  of  Na  and  HCO3,  and  lesser  losses  of  Cl*  K  and  Ca. 

In  a  second  scries  of  experiments  conducted  on  ten  soldier  volunteers 
maintained  on  mineral  balance  and  constant  intakes  of  Na  and  K,  high 
altitude  exposure  was  associated  with  little  or  no  change  in  Na  excre¬ 
tion,  a  positive  K  balance*  an  increase  in  the  urinary  Na/K  ratio*  an 
increase  in  cortisol  excretion*  a  reduction  in  aldosterone  secretion, 
but  little  or  no  change  in  plasma  renin  concentration* 

CONCLUSIONS: 

The  foregoing  data  suggest  a  major  shift  (up  to  25%  of  the  total)  of 
extracellular  compartment.  The  causes  of  this  shift,  in  fact  the 
specific  site  or  sites  of  this  shift,  are  unknown. 
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Metabolic  Effects  of  Altitude  (ConHd) 

RECOMMENDATIONS* 

1*  Conduct  long-term  animal  studies  to  determine  the  time  required 
to  reestablish  the  normal  fluid  compartment  siscs  and  compositions 
seen  In  high  altitude  native  populations*  This  will  probably  require 
exposure  of  one  to  three  months* 

2*  Also  needed  are  animal  studies  directed  toward  delineating  the 
specific  tissue  sites  where  the  fluid  and  electrolyte  shifts  occur* 
Eihally*  the  fundamental  mechanisms  responsible  for  these  abnor¬ 
malities  need  to  be  explored* 

3*  However*  due  to  the  loss  of  two  civilian  scientists  because  of  the 
manpower  reductions  imposed  on  the  laboratory*  to  a  lesser  extent 
the  reductions  in  financial  support  and  to  effect  better  management  of 
resources*  research  under  this  work  unit  will  be  discontinued*  future 
efforts  will  be  Incorporated  into  Work  Unit  0?3*  Physiological*  Meta¬ 
bolic  and  Psychological  Aspects  of  High  Altitude  Exposure* 

PUBLICATIONS} 

l»  Hannon,  T»P»,  J*L»  Shields,  C*W*  Harris*  Effects  of  Altitude 
Acclimatisation  on  the  Blood  Composition  of  Women,  Am,  J-,  Physiol, 
26}540-54?,  1969. 

2*  Hannon,  J»  P»  and  J»  L*  Shields*  Effects  of  Acute  Altitude  Exposure 
on  Serum  and  Extracellular  Electrolytes*  fed*  Proc*  281594,  1969* 
(Abstract) 

3*  Janoski*  A*H»*  B*  K*  Whitten*  J*  L*  Shields  and  J*  P*  Hattnou* 
Electrolyte  Patterns  and  Regulation  in  Man  During  Acute  Exposure 
to  High  Altitude*  Proc*  of  the  Inter*  Symp*  on  Cold  and  A.Uitude* 

Eed*  Proc*  28tl  185*1 189,  1969. 

4*  Hannon*  J»P, ,  J*  L*  Shields  and  K*  5*  K*  Chinn*  Effects  of  Acute 
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ABSTRACT 


PROJECT  NO.  3A062U0AH27  Military  Environmental 

■>  Medicine 

WORK  UNIT  NO.  07 3  Physiological  and  Psychological 

Aspects  of  Performance  ,it 
Altitude 

The  following  investigation  has  been  initiated  under  this  work  unit! 

STUDY  NO.  6i  An  Analysis  of  the  Physiological*  Bio¬ 
chemical  and  Psychological  Eactors 
Underlying  Acute  Mountain  Sickness 

This  work  unit  Is  designed  to  evaluate  various  impairments  that  occur 
during  temporary  residence  at  high  altitude.  The  symptoms  of  Acute 
Mountain  Sickness  (AMS)  are  usually  manifest  after  several  hours* 
exposure  to  altitude  and  reach  their  maximum  intensity  within  24  to 
48  hours.  Thereafter*  symptomatology  decreases  with  minimal 
levels  being  achieved  after  4  to  7  days.  AMS  can  be  a  severe  and 
incapacitating  experience  to  unaccilmatieed  individuals  rapidly 
exposed  to  high  altitude.  Reevaiuatlon  of  data  from  previous  studies 
has  shown  that  the  General  High  Altitude  Questionnaire  (GHAQ)  has 
proven  its  validity  an  a  reliable  measure  of  the  estimate  of  AMS. 

Some  physiological  and  biochemical  variables  have  been  shown  to  be 
correlated  with  individual  symtpoms  indicated  In  the  GHAQ,  This 
data  analysis  was  used  as  the  background  to  develop  a  study  of  normal 
human  volunteers  at  sea  level  aud  high  altitude  (14, 100  ft.)  to  examine 
the  relationship  between  the  symptomatology  of  AMS  and  the  altered 
physiological  and  biochemical  phenomena  attendant  to  high  altitude 
residence. 
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WORK  UNIT  073  Phyniolonic.il  and  Psychological  Aspects 

of  Performance  at  Altitude 

STUDY  NO.  h  An  Analysis.  of  the  Physiological,  Rio- 

chemical  and  Psychological  Factors 
Underlying  Acute  Mountain  Sickness 

PROP  LEM: 

Much  descriptive  information  has  been  gathered  regarding  alteration 
of  various  biochemical  and  physiological  phenomena  during  acute  expo¬ 
sure  of  humans  to  high  terrestrial  environments.  However,  little  is 
known  about  the  relationship  of  these  changes  to  the  symptomatology 
of  AMS.  The  objective  of  this  study  is  to  determine  which  alterations, 
acting  either  alone  or  in  combination,  are  correlated  with  the  observed 
changes  In  the  symptomatology  of  AMS, 

RESULTS: 

This  study  is  planned  for  next  summer.  Normal  human  volunteers 
will  be  studied  at  sea  level  and  for  five  days  at  altitude.  A  large 
number  of  measurements  potentially  relevant  to  AMS  will  be  studied, 
Through  the  use  of  multivariate  statistical  procedures,  those  vari¬ 
ables  most  relevant  to  the  etiology  of  AMS  should  be  determined, 

RECOMMENDATIONS: 

t.  Information  to  provide  a  better  physiological  and  biochemical 
rationale  to  design  specific  experiments  that  will  elucidate  the 
mechanism(s)  of  AMS  Is  heeded, 

«*»  Duo  tv)  the  loss  of  two  civilian  scientists  because  of  manpower 
reduction  Imposed  upon  the  laboratory,  and  to  a  lesser  extent  the 
reductions  in  financial  support,  research  under  this  work  unit  will 
he  curtailed,  Future  basic  studies  In  cardiopulmonary  physiology, 
metabolism  and  performance  at  altitude  will  be  consolidated  in  this 
Work  Unit  073  which  will  be  retitled.  Physiological,  Metabolic  and 
Psychological  Aspects  of  High  Altitude  Exposure, 

PUR  LIGATIONS: 


l,  Carson,  U»P»,  W.O,  Evans  and  J,  L»  Shields.  Discussion  of 
Some  Clinical  Aspects  of  Acute  Mountain  Sickness.  Olomodleal 
Problems  of  High  Terrestrial  Elevations.  A.H,  Hegnauer  (Ed.) 
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U.S.  ARIEM,  Natick,  Mass.,  pp.  9-23,  1969. 

2.  Hannon,  J»  P, ,  J\  L.  Shields  and  C»  W.  Harris.  Anthropometric 
Effects  of  High  Attitude  Acclimatization  in  Females.  Am.  ,T. 
Physical  Anthropology  (In  Press). 

3.  Shields,  J.  L. ,  J.  P.  Hannon  and  R.  P.  Carson.  Pathophysiology 
of  Acute  Mountain  Sickness,  Biomedical  Problems  of  High  Terres¬ 
trial  Elevations.  A.M.  Hegnauer  (Ed).  U.S.  ARIEM,  Natick,  Mass, 
pp.  24-31,  1969, 
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23.  (U)  Tech  Objective:  The  objective  of  this  study  ia  to  compare  3  dog  rations  in  dogs 
undergoing  normal  training  cycle  in  the  Scout  Dog  Program.  We  sought  groan  differen¬ 
ces  in  the  health  and  performance  and  surveyed  a  variety  of  phyaiologic  parameters, 
and  shall  attempt  to  correlate  these  with  the  dietary  constituents  and  the  dogs1  coaditioi 
and  performance. 

24.  (U)  Approactr.Sfxty doge  were  studied.  To  maximise  heat  stress  the  work  was  per¬ 
formed  from  8  July  68  through  27  September  68.  Food  consumption,  ambient  temper¬ 
ature  and  relative  humidity  were  recorded  daily.  The  3  teefc  rations  were  analysed. 
Digestibility  and  nitrogen  balance  studies  were  performed  with  each  ration.  Complete 
blood  counts  with  erythrocyte  indices  and  hemoglsbin  level  were  recorded  weekly  as 
were  body  weight,  serum  levels  of  total  protein  with  electrophoresis,  glucose,  urea  ni¬ 
trogen,  Na,  Cl,  Ca,  P,  K,  cholesterol  and  total  lipids. 

25.  (U)  Progress  (Jul  68  -  Jun  69);  Analyses  of  specimens  is  complste  except  for  pro¬ 
tein  electrophoresis  and  determination  of  aerum  total  lipida  and  cholesterol.  One  of 
ths  rations  (MSD)  is  clearly  superior  its  digestibility  as  reflected  by  more  available  cal 
oriea/Kg  of  food,  and  absorption  of  greater  percentage  of  calories,  protein,  fat,  car¬ 
bohydrate  and  dry  matter.  70%  of  dogs  on  MSD  gained  weight;  70%  of  those  on  the  othei 
diets  lost  weight.  Correcting  rations  for  digestibility,  the  MSD  group  absorbed  23 
calories /Kg  body  weight/day  and  the  others  18  ealories/Kg  body  weight/day. 

Tabulation  of  ths  remaining  data  is  in  progress. 
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STUDY  NO.  1 
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Nutritional  Aspects 
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Ft.  Benning  Field 
Study 


This  study  was  to  determine  whether  Standard  Item  dog  foods  (dry),  pui chased 
under  Federal  Specification,  would  provide  sufficient  calories  to  permit  working 
military  dogs  to  maintain  weight  and  work  efficiency.  Many  commanders  arid 
veterinarians  caring  for  such  dogs  had  reported  loss  of  weight  and  insufficient 
stomina  in  them,  especially  in  warm,  humid  climates,  e.g.,  S.  E.  Asia  and 
Ft.  Benning,  Ga. 


Sixty  dogs  from  a  dog  class  at  the  Scout  Dog  Training  School,  Ft.  Benning,  Ga.  , 
were  subdivided  into  groupi  of  20.  One  group  was  fed  a  specially  formulated  high 
colorie,  highly  -digestible  dry  ration,  Military  Stress  Diet  198  (MSD);  the  other 
two  groups  each  received  one  of  the  two  Standard  Item  dry  dog  food  pioducts, 
one  supplied  by  the  Sturdy  Dog  Food  Co. ,  (Sturdy),  one  by  Quaker  Oats  Co., 
(Gaines).  The  dogs  were  trained  in  the  usual  manner.  The  study  was  performed 
during  July,  August  and  September  (12  week  training  cycle)  to  maximire  effects 
of  heat. 


Information  was  sought  in  three  general  areas:  foe-1  intoke  and  weight  performance, 
relative  digestibility  and  nutrient  value  of  the  rations,  ond  some  effects  of  heat. 

A  constant,  measured  amount  of  food  was  offered  each  day,  and  the  amount 
consumed  was  recorded.  Dogs  were  weighed  weekly  and  blood  was  obtained  weekly 
for  determination  of  levels  of  electrolytes,  enzymes,  other  metabolites,  proteins 
and  complete  blood  counts.  Ambient  temperature  and  humidity  were  recorded 
hourly  and  body  temperature  of  the  dogs  was  determined  under  various  work  con¬ 
ditions  and  at  feeding  time.  Daily  water  consumption  was  estimated,  as  was 
relative  hydration  of  the  dogs  before  ond  after  work.  At  the  end  of  the  12-week 
study,  four  dog*  from  each  group  were  placed  in  metabolic  cages  and  relative 
digestibility  of  each  ration  was  determined  by  proximate  analysis  and  bomb 
calorimetry  of  food  and  feces. 

MSD  wos  clearly  superior  to  the  Standard  Item  rations.  The  dogs  ate  less  of  it 
ond  gained  weight  while  those  on  the  other  diets  lost  weight.  MSD  contains 
approximately  50%  more  calories  as  digestible  energy  and  each  of  the  components 
measured  by  proximate  analysis  (protein,  fat,  carbohydrates,  ash,  dry  matter) 
was  more  digestible  by  10-20%.  Not  only  did  MSD  contain  more  calories,  but 
digestibility  was  94%  as  compared  to  80%  for  the  other  two  diets. 
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N  utritional  Aspects  of  Military  Dog  Performance  (Cont’d) 

Heat  exhaustion  among  the  dogs  was  evident,  especially  early  in  the  training 
period.  During  road  marches,  approximately  10%  of  the  animals  were  unable  to 
maintain  thermal  equilibrium  when  the  ambient  temperatures  were  in  the  80's  and 
relative  humidity  50-75%.  The  working  temperature  under  these  conditions  for 
most  dogs  was  103-105°F;  those  dogs  not  equilibrating  continued  to  increase  body 
temperature  above  106°F;  these  became  weak  and  ataxic,  could  not  keep  up  and 
had  to  be  rested  and  "wet  down"  to  reduce  their  temperature.  Occasional  animals 
would  collapse  with  temperature  over  107°F.  One  died,  after  achieving  a  temp¬ 
erature  above  108°F.  The  factors  which  determine  whether  a  given  dog  would  be 
able  to  equilibrate  (primarily  dissipate  heat  at  an  adequate  rote)  on  a  given  day  are 
not  clear.  Rate  of  heat  gain  (speed  of  march,  ambient  temperature  and  humidity) 
is  important,  but  the  animals  which  fail  to  dissipate  sufficient  heat,  primarily  by 
evaporative  cooling  of  oropharynegeal  mucosa,  are  different  in  some  yet-undescribed 
way.  Obvious  impairment  of  panting  (jerking  on  collar  or  choke  chain;  muzzle), 
excitement  (barking  and  lunging)  and  water  deprivation  are  certainly  factors.  Effects 
of  kidney  function  and  acid-base  control  may  also  be  important.  Along  with  many 
other  factors,  hyperthermia  decreases  the  dogs'  responsiveness  to  handlers  and 
undoubtedly  decreases  training  efficiency  as  well  as  scouting  performance. 

A  ration  having  the  digestibility  and  caloric  density  of  MSD  is  recommended 
for  standard  procurement  for  military  use,  either  for  special  situations  or  for  routine 
use.  Two  pounds/day  of  the  Gaines  product  would  be  required  to  provide  caloric 
balance,  but  the  dogs  in  this  study  averaged  only  1.7  Ibs/day.  The  Sturdy  product 
is  not  recommended  for  military  use  due  to  low  acceptability  by  the  dogs,  and 
low  digestibility. 

At  least  50  Kcal/lb  of  body  weight/day  must  be  obsorbed  under  the  conditions  of 
this  test  for  these  dogs  to  maintain  body  weight. 
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WORK  UNIT  NO.  061  Nutritional  Aspect* 

of  Military  Dog 
Performance 

STUDY  NO.  1  Ft.  Benning  Field  Study 

PROBLEM: 

Despite  careful  selection  and  training  of  today's  military  dog,  operational 
reports  and  individual  observations  indicate  that  substantial  numbers  of  dogs 
do  not  perform  at  the  levels  anticipated.  Lack  of  endurance  and  failure  to 
maintain  physical  condition  seem  to  be  the  most  frequent  complaints.  Many 
veterinary  officers  have  suspected  the  cause  to  be  nutritional  and  believe 
the  ratiors  offered  these  dogs  to  be  of  insufficient  calorie  density.  Caloric 
requirements  for  the  military  dog  have  not  been  determined. 

The  caloric  density  of  dog  food  purchased  for  military  use  varies  from  500  to 
2500  calories/lb.  The  lower  figure  represents  the  wet-type  canned  fooa.  The 
dry  foods  in  common  us*  range  from  approximately  1200  to  1600  Kcal/lb.  The 
Federal  Specification  for  dog  food  does  not  set  limits  for  caloric  density  and 
permits  a  broad  variety  of  ingredients.  The  uncertainty  of  optimal  nutritional 
requirements  for  working  military  dogs  combined  with  the  spectrum  of  ingredients 
permissible  under  the  specification  provides  little  assurance  that  these  dogs  are 
being  offered  proper  rations. 

Since  the  military  dog  is  a  valued  operational  asset,  and  more  and  better  dogs 
are  to  be  produced,  the  need  for  some  definition  of  their  nutritional  requirements 
is  obvious. 

Commanders  in  the  Republic  of  Viet  Nam  (RVN)  have  too  frequently  reported 
that  the  military  dog  lacks  endurance  when  employed  tactically.  Severe  weight 
losses  have  aiso  been  observed,  in  CONUS,  weight  loss  and  lack  of  endurance 
have  been  observed  in  military  Scout  Dugs  maintained  on  Standard  Item  rations, 
especially  in  warm,  humid  climates. 

In  man  it  is  established  that  energy  requirements  are  higher  in  a  hot  environ¬ 
ment.  One  limited  study  conducted  by  the  USAF  showed  that  an  increase  in 
ambient  temperature  with  or  without  an  increase  in  relative  humidity  raises  the 
caloric  requirements  of  the  military  dog.  Weight  performance  was  the  essential 
criterion  in  that  study. 
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The  question  has  been  raised  whether  current  dog  tations  are  adequate  for 
sustained  operations  in  hot,  humid  environments;  primary  emphasis  appears  to 
be  on  caloric  content.  White  inadequate  caloric  intake  could  wet!  be  the 
limiting  factor,  other  important  factors  are  the  animals'  state  of  hydration, 
their  ability  to  dissipate  heat,  their  electrolyte  levels,  physical  condition 
and  freedom  from  intercurrent  disease. 

Whether  Standard  Item  dog  food  per  se  influences  military  dog  work  performance, 
health,  body  weight  and  appearance  should  be  resolved.  Some  insight  into  the 
caloric  requirements  of  the  animals  should  be  developed,  especially  for  work  in 
warm,  humid  climates. 

To  begin  to  investigate  some  of  these  points,  a  representative  class  of  60  dogs 
being  trained  at  the  Scout  Dog  School,  fort  Benning,  Georgia,  during  July, 
August,  September  1968  was  selected  for  study.  The  dogs  were  allotted  to 
3  subgroups  of  20  and  each  subgroup  was  fed  a  different  ration:  one  received 
a  special  formulation  high  in  calories  and  allegedly  high  in  total  digestibility 
(Military  Stress  Diet ~  1 98;  MSD-Mark  Morris  Assoc.,  Topeka,  Kansas);  the 
other  groups  received  one  of  the  Standard  Item  dry  dog  food  rations,  one 
manufactured  by  Sturdy  Dog  Food  Co. ,  the  other  by  Gaines  (Quaker  Oats  Co.). 
Manufacturers'  claims  are  approximately  2500,  1250  and  1600  Kca!/lb.  of 
food  respectively  for  these  rations. 

f 

The  dogs  underwent  the  usual  12-week  training.  They  were  offered  a  fixed 
amount  of  food  each  day  (1 . 9  or  2, 2  lbs)  and  the  amount  consumed  was  recorded. 
They  were  weighed  weekly.  Blood  levels  of  electrolytes,  enzymes,  and  other 
metabolites  were  determined  weekly.  Information  relative  to  effects  of  heat 
were  recorded,  i.e.  body  temperature  under  various  work  conditions  and  at 
feeding  time,  amount  of  water  consumed  daily,  daily  ambient  temperatures 
and  humidity,  assessment  of  relative  hydration  of  the  dogs  before  and  after 
work  by  measuring  packed  erythrocyte  volume  and  serum  refractive  index. 

Weekly  fecal  examinations  for  intestinal  parasites  were  performed  (esp.  hook¬ 
worms);  parasitized  animals  were  treated  promptly. 

At  the  end  of  the  12 -week  study  four  male  dogs  from  each  group  were  placed 
in  metabolic  cages  and  a  balance  study  was  performed  to  determine  relative 
digestibility  of  each  of  the  rations.  A  dye  marker  was  used,  the  amount  of 
food  eaten  for  5  days  was  recorded  and  the  resultant  feces  and  urine  were 
collected.  Aliquots  of  food  and  feces  were  analyzed  by  bomb  calorimetry  and 
proximate  analysis. 
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During  the  course  of  the  study  there  was  approximately  50%attiition  in  the 
dog  class,  mostly  for  non-medical  reasons  (administrative  procedures  involving 
dog  handlers  or  dogs  not  learning  fast  enough  to  keep  up,  etc. ).  The  attrition 
wav  uniformly  distributed  among  the  3  tes*  groups  and  approximately  iO  dogs  in 
each  group  were  available  for  the  entire  period.  Dogs  used  in  the  balance  study 
were  randomly  selected  from  these. 

Data  sought  were  in  three  general  areas:  food  consumption  and  weight  per¬ 
formance;  relative  digestibility  and  nutrient  value  of  the  rations;  and  effects  of 
heat. 

RESULTS  AND  DISCUSSION  OF  RESULTS: 

The  field  study  is  complete  and  only  total  lipid  and  cholesterol  content  of  weekly 
blood  samples  remain  to  be  determined.  These  specimens  have  been  frozen  since 
their  collection. 

Detailed  statistical  analyses  have  not  been  completed. 

A.  Food  Analysis 

Results  of  the  food  consumption  and  relative  digestibility  portions  of  the  study 
are  summarized  in  the  following  table: 

Table  Is  Food  Consumption  and  Relative  Digestibility 


MSD 

Sturdy 

Gaines 

No.  dogs  completing  study 

10 

8 

8 

Wgt. ,  lbs.  * 

67.5 

68.2 

59.8 

%  eaten  of  food  offered 

77 

71 

81 

Lbs.  food  eaten  per  day/dog 

1.49 

1.53 

1.70 

Kcal/day  consumed 

3664 

2989 

3402 

Kcal/day  absorbed 

3415 

2376 

2735 

Kcal/lb.  body  wgt.  consumed 

54.6 

43.8 

56.6 

Kcal/lb.  body  wgt.  absorbed 

50.8 

34.8 

45.5 

‘Average  body  weight  of  dogs  in  each  group  over  the  duration  of  the  study  (74  days). 

The  values  for  Kcalories  in  Table  I  were  derived  from  calorimetry  results  of  the 
balance  study.  Interestingly,  the  dogs  eating  Gaines  increased  their  food  con¬ 
sumption  considerably  during  the  last  4  weeks,  achieving  on  absorbed  calorie 
level  comparable  to  MSD  during  this  period,  and  raising  the  average  values  for 
the  entire  period.  MSD  had  a  clearly  higher  digestibility  coefficient  for  all 
items  measured.  Analyses  of  the  food  and  feces  are  tabulated  below; 


Nutritional  Aspects  of  Military  Dog  Performance  (Cant'd) 

Table  2:  Pood  Analysis 


Ration 

Kcal/lb 

%Protein 

%Fat 

%Carbohydrutes 

%Moi  store 

%Ash 

MSD 

2444.3 

27.58 

24.39 

33.25 

9.62 

5.  16 

Sturdy 

1956.7 

28. 15 

7.78 

48.56 

7.97 

7. 54 

Gaines 

1928.1 

26.03 

7.60 

51.17 

8.76 

6.44 

Table  3:  Feces  Analysis 

Ration 

Kcal/lOO 

gm  %Protein  %Fat 

^Carbohydrates 

%Moi  store 

"%Ash 

MSD 

91.05 

9.18 

1.88 

8.94 

75.05 

4.56 

Sturdy 

90.00 

6.84 

1.46 

10.88 

76.31 

4.51 

Gaines 

85.95 

5.55 

1.61 

12.09 

77.00 

3.77 

Feces  from  the  dogs  on  MSD  were  soft  and  unformed  due  presumably  tc  the  higher 
fat  content  and  low  fiber  content  (manufacturer’s  suggestion).  The  volume  was 
less  than  the  feces  from  dogs  on  the  other  rations. 

Comparing  absolute  quantities  of  nutrients  ingested  with  those  excreted  (feces 
only),  the  following  coefficients  of  digestibility  result  (expressed  as  %of  ingested 
food,  except  digestible  energy  is  Kcal  absorbed/lb  of  Food  ingested): 


Table  4:  Digestibility  Coefficients 


Ration 

Kcal/lb^ 

Calories 

Rrotein 

Rat 

CHO 

Ash 

Dry  Matter 

MSD 

2303.85 

94.25 

87.55 

97. 17 

90.25 

68.42 

89.93 

Sturdy 

1543.87 

78.90 

76.00 

81.27 

78.57 

38.90 

73.97 

Gaines 

1561.55 

80.95 

80.05 

80. 15 

77.85 

45.23 

76.37 

In  Table  4  it  is  obvious  that  M5D  is  better  absorbed  than  Sturdy  or  Gaines.  To 
express  the  difference  in  digestibility  between  MSD  and  the  other  products,  the 
differences  For  each  analysis  were  calculated  and  tabulated  os  percent: 
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Table  5:  Percent  Increased  Digestibility,  MSD  over  Gaines  ond  Sturdy 


Ration 

Kcal  /lb* 

Calories 

Protein 

Tat 

CHO 

Ash 

bry  Matter 

MSD  over 
Sturdy 

31.52 

13.7 

13.95 

16.57 

8.2 

18.64 

13.98 

MSD  over 
Gaines 

30. 33 

12.8 

9.  <45 

18.01 

10.7 

17. 58 

13.18 

4  kca  I  absorbed/)  b  of  food  eaten . 


B.  Weight  Performance 

Weight  performance  data  for  the  dogs  which  completed  the  study  reflect  the 
difference  in  the  rations:  the  dogs  on  MSD  fared  considerably  better,  the  MSD 
fed  dogs  averaged  3,8  lbs  per  dog  gained  over  the  1 2 -week  period,  with  70% 
of  the  dogs  actually  gaining  weight.  On  both  the  other  rations  the  groups  lost 
weight,  averaging  2.5  lbs.  per  dog,  with  approximately  70%  of  the  dogs  actually 
losing  weight.  The  weight  performance  of  those  dogs  which  dropped  out  of  the 
study  along  the  way  is  similar  to  that  of  the  ones  which  remained. 

from  Table  I,  considering  absorbed  Kcal/lb  of  body  weight,  the  M5b  group 
absorbed  approximately  5l  Kcdl/lb  and  the  others  less  than  45. 5.  Tire  latter 
groups  lost  weight,  the  former  gained,  indicating  a  minimum  absorbed  calorie 
requirement  of  approximately  50  Kcal/lb  body  weight  to  maintain  weight  under 
the  environment  and  work  conditions  at  ft.  Benning  during  this  period.  The 
influence  of  quality  of  absorbed  nutrients  or  of  the  ratio  of  calories  derived  from 
the  protein  vs.  fat  vs.  carbohydrates  cannot  be  separated  In  this  study. 

food  consumption  was  erratic  tor  ail  rations  throughout  rhe  study,  most  animals 
appearing  to  follow  cycles  of  eating  more  and  then  less,  foovl  consumption  did 
inversely  correlate  with  ambient  temperature  at  feeding  time  ;the  dogs  ate  less 
at  high  temperature)  but  the  importance  of  this  correlation  is  unknown.  MSD 
was  accepted  better  than  the  other  rations,  based  on  amounts  of  each  consumed 
during  the  first  10  days  on  the  test. 

A  ration  of  the  caloric  density  and  digestibility  of  M5D  has  advantages  over  less 
efficient  rations  in  addition  to  the  contained  nutrients:  to  provide  the  necessary 
absorbed  nutrients  a  considerably  smaller  weight  and  volume  are  required,  with 
the  consequent  logistic  bonus,  financially,  this  alone  might  justify  use  of  such 
a  ration,  further,  under  conditions  which  may  depress  appetite  ((fatigue,  heat, 
other  stress)  the  dog  will  be  more  likely  to  eat  sufficient  food  to  maintain  weight, 
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rather  than  eat,  e,g>,  half  of  what  is  requited,  (1,4  lbs,  of  M5D.  day  would 
suffice  for  maintenance  of  weight  of  a  65  lb*  dog  working  In  warm  environment,- 
at  least  2.  I  lbs,  of  Sturdy  would  be  required), 

We  could  aot  detect  differences  in  training  efficiency  among  the  dogs,  attributable 
to  rations,  Many  factors  contribute  to  the  dogs'  response  to  training  and  to  their 
subsequent  performance, 

Dogs  on  M5D  had  sleeker,  shiny  coats,  compared  to  the  dull,  dry  coats  of  dogs 
on  the  other  diets.  In  clinical  veterinary  practice  such  dry  coat  can  be  corrected 
by  addition  of  fafs  fo  the  dog's  ration,  Dogs  on  M5D  absorbed  nearly  four  times 
the  fat  when  compared  to  dogs  on  the  other  rations  in  this  study, 

C,  Effects  ot  Heat 

During  July  through  September  the  average  temperatures  during  the  working  day 
were  in  the  low  eighties  with  daily  maximum  temperatures  about  10°  higher, 
Relative  humidity  during  the  working  hours  was  usually  .50 

As  part  of  fhe  Scouf  Dog  training  Program,  roao  marches  of  I  -5  miles  were 
performed  once  or  fwice  weekly, 

these  marches,  parts  of  which  are  conducfed  at  double  time,  represent  the  most 
strenuous  portions  of  Halning  {except  far  brief  obstacle  course  work),  the  marches 
contribute  fa  Increased  physical  conditioning  and  temperature  acclimation. 
Particularly  during  the  Initial  weeks,  body  temperatures  varied  considerably  among 
the  dogs  while  on  the  marches,  tram  resting  temperatures  of  I00-I02°t,  essentially 
all  dogs  achieved  temperature  elevations  fa  I04-106°F,  Most  of  these  appeared 
strong  and  alert,  and  completed  the  work  without  farther  increase  in  body  temp¬ 
erature.  Others  however,  achieved  these  temperatures  sooner  and  did  not  plateau, 
but  continued  to  inctease  to  107 -IOO°F,  these  latter  animals  became  weak,  they 
Wobbled  and  swayed  and  would  have  collapsed  (rod  they  not  been  rested  In  shade 
and  "wet  down"  with  whatever  water  was  available  fe.g,  immersed  in  streams)  fa 
reduce  their  tempetature.  After  such  treatment  they  could  continue,  weakly  (it 
Is  extremely  doubtful  that  these  dogs  would  be  efficient  scouts  under  heat  stress 
sufficient  fa  elevate  rectal  temperature  beyond  105"^). 

these  animals,  under  the  same  conditions  as  their  classmates,  were  unable  fa 
dissipate  the  imposed  heat  load  and  thus  failed  fa  equilibrate  their  body  temperature 
at  some  elevated  level,  as  did  thei  classmates,  their  temperatures  continued  fa 
increase,  fa  tl^e  point  of  transie, 1 '  rcapacitatlon  for  most,  or  to  death  occasionally. 
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While  we  wete  uttable  to  Identity  the  factors  which  determine  svhethet  a  given 
animal  could  equilibrate  otr  a  given  day,  some  genetolifies  ate  applicable,  Heat 
loss  undet  hot  conditions  fi,e,  approaching  ^5°f,  ambientt  is  almost  exclusively 
evaporative,  by  panting  over  moist  otophatygea!  mucosa,  As  humidify  increases, 
evaporative  cooling  becomes  less  efficient,  Any  factors  decreasing  on  flow  over 
the  mucosa  vend  blood  How  fhtoogl,  the  mucosa)  will  decteuse  boo*  loss,  Excitement 
with  talking  will  tided  me,  os  will  jet  kitty  against  vollot  ot  choke  drain  ot  ptesettce 
of  o  mottle.  Heavy  toad  dost  ott  mucosa  tttay  even  bo  hrlleential.  the  effect  of 
tenal  fond  tot  t  and  acid  base  control  may  be  Involved,  As  panting  increases  with 
ittcteasing  body  temperature,  large  excursions  In  blood  pOS,  pC(V>  attd  pH  occur 
fthe  doy  Is  more  refractory  fo  alkaletttla  than  mao),  Alkalosis  occurs  finally, 
however,  and  ittcapaclfaflott,  fo  death,  con  tesub  rapidly  thereafter.  Cot  general 
observation  was  that  fits?  Hoys  we  studied  svete  considerably  more  sensitive  fo  beat 
and  buntldlfy  fltatt  wete  the  men,  and  in  general  were  reluctant  fo  leave  flte  sbode 
or  fo  become  acfive  ott  flte  wotnt  days. 

Dehydration  was  nof  apparent  by  computing  setottt  teftocflve  index  t,KI)  and 
packed  etyflttocyfe  volume  flhCV)  befote  attd  affet  Wotk  dally  fot  sevetal  wotk 
condlfions,  fTIte  dogs  wete  allowed  fo  dtittk  water  offett  doting  flte  day), 

Dating  flte  fltsf  2-3  weeks,  most  days  bad  fo  be  tesfed  ot  "wef  down, "  As  they 
became  conditioned,  approximately  tO°v  still  achieved  Itiylt  tecfal  temperature 
and  wete  weak  and  bathypnelc.  One  socb  day  was  manlfoted  continuously  with 
a  Yellow  Relays  tecta!  thermometer*  be  collapsed  after  acltlevitty  a  tempetafute 
of  lOS^E  ftbe  ntaxltnont  tending  on  flte  instrument),  Water  was  not  available 
immediately,  The  doy  died, 

the  number  of  days  wlticb  suffet  some  deytee  of  beat  exhaustion  Is  closely 
related  to  their  working  conditions  ,  ,  ,  some  training  instructors  ate  mote 
conservative  in  introducing  then  animals  to  beat  stress  fshotter,  slowet  marches, 
mote  tests),  and  these  yroups  of  doys  Itad  less  trouble.  Drinking  water  ^canteens, 
fast -flowiny  stteams)  was  amply  available, 

the  instructors  ate  aware  of  a  behavioral  pattern  known  as  "alerting  on  shade, " 
During  hot  periods,  many  doys  will  "alert"  toward  tire  shady  portion  of  a 
sunlit  Hail  ,  ,  ,  often  confusiny  even  experienced  handlers,  these  doys  will 
pul!  towards  the  shade  and  sit,  panting,  otrce  there,  This  occurs  while  Hw  dog 
Is  working,  in  scouting  harness  ot  leash,  Tire  frequency  of  such  episodes  under¬ 
scores  the  potent  Influence  of  hyperthermia,  and  tire  ingrained  behavioral 
maneuvers  to  avoid  it,  despite  training  to  tire  contrary. 
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CONCLUSIONS 


Wh* W  conclusions  ate  premature  before  all  of  tbe  data  ate  anal)  *ed,  fv?n 
simple  inspection  of  the  tabulated  data  permits  the  following: 

1,  Military  SKess  Diet-198  fMSOt  of  approximately  1,5  pounds  dog  pe*  day 
produced  weight  gain  in  70'Vof  dogs  o\o  a  12 -week  period, 

2,  The  df>  dog  foods  pat  chased  under  federal  specifications,  Gaines  and 
Sturdy,  resulted  its  weight  loss  in  70%  of  dogs  ovei  a  12  -week  period,  These 
dogs  afe  I  *  7  and  I , 5  pounds  at  food  dog  pet  day  of  fhese  rations, 

3,  Lot  all  rations,  20-30%  of  fhe  fofal  quantity  of  feted  was  left  uneaten  each 
day*  The  initial  acceptance  \tirst  10  days)  was  gteafet  Km  MSD  titan  fat  the 
otftei  tafions,  Consumption  at  the  Gaines  ration  incteosed  dating  tlte  final 

4  weeks  and  doting  this  petted  tlte  dogs  on  this  nation  were  consuming  almost 
as  many  absorbable  calottes  os  tltose  ott  MSD, 

4,  Tlte  digestion  coefficients  ^absorbed  wore  higher  fot  nattients  in  V$D 
titan  in  fhe  etlter  rations,  for  all  components  measured, 

5,  MSD  contains  neatly  50%  ntote  calottes  of  digestible  energv  than  do  the 
other  two  diets;  dogs  on  this  ration  absotbed  ntote  calottes  lb,  body  weight  day 
150,8  vs  45,5  For  Gaines  and  34,8  fat  Sturdy)* 

*5,  A  calot  te -ctense  and  highly  digestible  diet  sue!  as  MSD  Itos  the  advantage 
that  relatively  small  amount  is  requited  for  total  nutiient  requirements;  dogs 
undergoing  sttesses  which  tend  to  dectease  food  intake  filings,  injur),  fatigue, 
transport,  environment  extremes)  may  still  get  sufficient  nutrients  to  maintain  body 
weight,  or  recovery  of  body  weight  affet  such  sttess  would  be  more  rapid.  Comparable 
levels  of  nutation  would  requite  greater  volume  of  other  fe,g,  cunent  Standard 
Item)  rations  and  tire  animals  may  not  eat  enough.  There  is  a  logistic  bonus, 
especially  for  overseos  shipment, 

7 ,  Dog  performance  in  training  could  not  be  correlated  with  diet.  Presence  of 
hookworms  in  some  dogs  fwith  frequent  examinations  atrd  prompt  treatment)  had 

no  apparent  influence  on  dog  weight,  food  consumption  or  performance  in  training, 

8,  Dogs,  even  after  12  weeks,  are  not  well  adjusted  co  hot  humid  conditions  and 
cannot  work  effectively  when  tectal  temperatures  exceed  lOss^P,  if  then, 

9,  Pate  of  dissipation  of  body  treat  appears  to  be  the  factor  which  determines 
whether  a  given  animal  will  be  able  to  equilibrate  and  continue  to  work  under 
conditions  ot  treat  stress. 
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RECOMMENDATIONS; 


1,  The  Standard  (tarn  dty  dog  food  produced  by  Sturdy  Dog  Food  Co. ,  a? 
represented  by  the  ptoduc*  used  in  this  study  is  inferior  to  that  produced  by 
Quaker  Ck»t  Co.  fGatnes).  tbe  Sturdy  product  is  rrot  recommended  for  use 
as  a  routine  ration  for  military  dogs. 

2.  A  tatrorr  of  fbe  calorie  density  and  digestibility  of  MSD-I9B  is  distinctly 
superior  to  those  currently  purchased  under  the  federal  specification  for  dry  dog 
food.  Specifications  should  be  developed  for  procurement  of  a  dog  food  product 
having  the  characteristics  of  M5D-IW,  for  routine  or  special -purpose  use  in 
military  dog  feeding. 

PUBLICATION; 

Bucci,  T.  J.  and  Pope,  C.  R.,  Letter  to  tire  Editor,  Jour.  Am.  Vet.  Med. 

Assn,  fin  press,  June  1W?). 
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tVculftont  V'onttvi  fata  -  R  U'  Vkont'd' 

fasoatch  in  blowdlcat  bclnncos  -  THo  cb  foot  to*  o*  this  ptoioot  l?  tv 
obtain  inf ornat  ion  bo  tho  techniques  of  clinical  and  basic  roseate** 
on  tnlutios  and  oscopt  communicable  diseases*  n'W»,'«U  scon 

In  soldt*ts%  especiall*  in  lield  opetatiens  And  wts»\o,  The  %vrt  i* 
divided  Acoetdin*  to  the  tna]et  medical  specialties, 

Internal  medicine;  the  effective  Is  to  st«dvk  bv  basic  resvatvh 
techniques  in  the  labctAtct*k  these  diseases  ot  soldiers  in  the  field 
vhlch  at*  the  special  province  of  Internal  Medicine  in  order  to 
indicate  possible  approaches  to  iworeveaonts  in  treatment  and  pre¬ 
vention,  Tb*s*  diseases  include  diarrhea,  hepatitis,  anemia,  and 
altered  wetabcttc  states  in  which  nutrition  plats  an  etiological  ot 
contributor?  tot** 

bnvirenwentat  medicine;  The  o'c lectivo*  at*  to  obtain  basic 
information  on  the  pbvstelcgteal  responses  of  men  and  animats  to 
climatic  chan***,  especialtv  to  heat,  cold  and  high  terrestrial 
altitude,  upon  vhlch  mat  b*  based  improved  procedures  tot  accttma- 
titatlon,  protection  And  treatment  of  infwtv  resulting  from  esposut* 
ot  so  idiot*  to  climatic  extremes, 

ble~tbfcdtoal  lttt%jtii>iioais*  Hltltary  Internal  Hcdtctn*  -  The  objective 
la  teimptev*  existing  methods  of  treatment  ot  disease  ot  tnllktat* 
importance,  swob  *s  acute  ot  chronic  viral  and  bacterlst  resplvaterv 
diseases,  past  \ro- lutes  tin*  l  infectious  And  abnormalities  of  castre- 
intesttnal  absorption  on  f woo t tons;  to  improve  tb*  management  of  certain  mll- 
Itar*  metabolic  problems,  snob  as  pcst-traumat to  nutritional  deficiencies; 
and  to  stud*  tb*  soldiers*  nutritional  status  and  adequac?  of  his  diet, 

bio~b*dio*l  tnveat  ijtat ions >.  Hit i tat*  fncitotvecntai  ftedjxinc  -  rh*  »*c- 
tie*  is  to  dev* to*  better  methods  tot  the  prevention  and  treatment  «i 
diseases  produced  b*  tb*  eattemes  of  climate  to  which  s  soldi*t  may 
b*  Mpostii 

lig-ftstot  tamtintlm  -  The  objective  of  this  program  is  to  ptovkde 
tb*  are*  with  an  improved  detector  «**  capable  ot  teaching,  detecting 
ambeah,  tunnels,  meapous,  mtnea  and  boob*  traps— and  locating  casualties 
in  coahat  operatic**,  Through  a  cootdinat*d  program  of  s*t«oti*o 
bt**din#k  **alaatlon  and  **t*rinar*  t*s*atobk  a  au^otiot  do*  uttl  fc* 
d***lof*«i  Uhtoh  bas  tb*  stifle  dost  tab  l*  |»b**it*tk  b*baoiotai  and 
aonawt*  obataot*tisticsk  ft**  ot  t^ansaisslbl*  *on*tio  d*f*ctsk  is 
toayanal**  to  ail 1 tat*  ttalnin**  t«y«s*«  a  ainiaua  insist  teal  butdon 
and  tia  jatfop*  *tt*oti**l*  on  ot  otf-t*asb  itt  aii  climatic  and  ot*t~ 
at  ion*  t  *noiron«*nts*  Votb  at  i!$ANW*L  bas  o*ntor*d  on  tb*  tnftu*no* 

*t  tb*  <cU«atio  onoitonaant  on  tb*  nothin*  dot*ctor  dAt. 
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